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The Cosmic Dawn Center



From the Directors

It has been another exciting year at DAWN with many scientific high-lights that have helped ensure
the center’s continuing success and established it as a leading world class research center. DAWN
has grown rapidly over the past year, due to excellent international scientists from diverse
backgrounds joining the center.

The COVID-19 pandemic has affected the center much like the rest of society. For most of the past
year we have been working from home, which means we have missed out on the important social
aspect and the spontaneous exchange of ideas that comes with being in an office environment.
Nonetheless, we maintain daily interactions via Zoom and online meetings. As astronomers,
collaborating in large international teams, we are to a great extent accustomed to this mode of
working. This meant that it took little adaptation to switch to having our collaboration meetings
and seminars online. In some sense, it almost brought us closer together - especially with our
international associates, who were also in lockdown in their respective countries. After coming out
of the pandemic lockdown and returning to our offices, we will maintain this close connection to
our worldwide DAWN family.

In July 2020, DAWN finally moved into the Niels Bohr Building (NBB) located on Jagtvej, along with
DARK and the Condensed Matter Theory groups of the Niels Bohr Institute (NBI). The building has
not yet been taken over by the University, but one floor of the building where construction has
been completed is leased and our first impression of the building is very positive. We look forward
to welcoming the DAWN staff back after the pandemic lockdown. We also look forward to
welcoming other colleagues from the various sections within NBI when they join us at NBB
sometime during 2022.

The past year has also seen several major and prestigious grants awarded to DAWN scientists, or
scientists coming to DAWN in the near future. Notable mentions are Dr. Charlotte Mason and Dr.
Georgios Magdis who won the Villum Young Investigator and the Villum Young Investigator Plus
prizes, respectively. Furthermore, two of our DAWN Fellows, Dr. Seiji Fujimoto and Dr. Francesca
Rizzo, won INTERACTION Co-fund grants. Finally, Dr. Bitten Gullberg, currently a Lindblad Fellow at
Chalmers University. Gothenburg, Sweden, won a Carlsberg Reintegration Fellowship to bring to
DAWN in 2021. Our success at winning grants underscores that our strategy for hiring the best
scientists who demonstrate high potential as future leaders in their field has paid off and is the
right strategy going forward.

November 22, 2020 was a historic date as it was the proposal deadline for what will undoubtedly
become one of the most impactful telescopes in decades, namely the James Webb Space Telescope
(JWST). Leading up to the deadline, DAWN together with ESA organized a JWST Master Class
workshop, where astronomers from the broader international community could learn the
complexities of preparing JWST observations. DAWN scientists were strongly represented amongst
the large pool of proposals that competed to win telescope time. It is a source of immense
satisfaction and pride that DAWN scientists were Principal Investigators (Pls) on 6 JWST proposals
and Co-Investigators (Co-I’s) on 39 successful JWST proposals, for a total of 2138 hours of
observations.



The successful Pl programs include two programs led by junior DAWN scientist (a PhD student and
a postdoc), and the largest program awarded (207 hours), with strong DAWN involvement. DAWN
is thus involved in 35% of the 6000 hours of observations to be done in open time during the first
year of observation. Additionally, we will be involved with three of the four guaranteed time
observations and several early release science programs. Everyone at DAWN are eagerly awaiting
the launch of JWST, which is on track to happen from French Guiana in October 2021, and the
arrival about a year later of what will undoubtedly be revolutionary data. Exciting times ahead!
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From the left Co-Director Thomas Greve and Center Director Sune Toft. Image Credit: Trity Pourbahrami



Annual highlights

Hiding behind a wall of dust

By Isabella Cortzen

The hunt for distant galaxies has traditionally been based on telescopes designed to detect their
starlight emitted in the UV and visible spectrum. Naturally, this light becomes progressively fainter
and harder to detect as we look farther out into space.

While missions like NASA’s and ESA’s new flagship, the James Webb Space Telescope, are
specifically built to address this technical limitation, there is another, more fundamental barrier set
by Nature: Galaxies are enshrouded in large amounts of dust and gas blocking the starlight, re-
emitting it as infrared light.

Using a combination of state-of-the-art observations, DAWN members revealed that this “wall of
dust” in some of the most star-forming galaxies in the early Universe blocks not only starlight but
also a portion of the emitted light by the dust itself. DAWN PhD student Isabella Cortzen
demonstrated that this “self-absorption” caused by thick layers of dust has profound implications
for the observability and the very nature of these galaxies.

The new results suggest that some early galaxies are up to ten times more efficient at converting
gas to stars than previously thought, calling for a radical rethinking of their dust and gas
measurements, and the evolution of the first galaxies.

Infrared image of one of the galaxies in the study, GN20,
seen when the Universe was but 10% of its current age, but
already forming stars at a rate of more than a 1000 times
that of our own galaxy. Credit: Isabella Cortzen.



Early, mature galaxies and the dispersion of heavy elements

By Seiji Fujimoto

Heavy elements (or "metals") such as carbon and oxygen did not exist in the Universe at the time
of the Big Bang. They were formed later by nuclear fusion in stars. However, it is not yet understood
how these elements spread throughout the Universe — an essential process to foster life.

To understand these processes, DAWN postdoc Seiji Fujimoto and collaborators undertook, for the
first time, a systematic survey of distant galaxies with the ALMA observatory. And the result was
unexpected: As a by-product of dying stars, galaxies already contained a significant amount of dust
and metals when the Universe was only 10% of its current age.

Roughly 50,000 lightyears across, the stars (white) in
this galaxy are seen enshrouded in a halo (red) of metal
gas. Credit: S. Fujimoto.

In particular, they found that the gaseous metal clouds are always present, far beyond the stars,
sometimes even forming an ordered rotating disk. That is, the galaxies are much more "mature"
than previously thought.

Supernova explosions and energetic jets and radiation from supermassive black holes are likely to
be the main drivers that transport the metal gas outside of the galaxies and finally throughout the

Universe.



The DAWN Team: Credit: Seiji Fujimoto




The Organization



Covid-19

The pandemic had a large influence on life at DAWN. We were among the first to be sent home in
the spring, and since then all teachings and collaborating activities have been online. We organized
almost daily online gatherings for the whole center, in the form of working group meetings, journal
clubs, talks, and happy hours. Luckily, astronomers are quite used to working and meeting remotely
with international collaborators so we have not seen a significant decrease in the scientific output
of the center during the pandemic. A positive effect has been that our international associates have
become more closely integrated in the center's activities, as they could equally participate in online
meetings with local center members.

Housing of the center

The Cosmic Dawn center was once again relocated during July 2020 to the new high tech Niels Bohr
Building (NBB) located at Jagtvej 128. The move from our light and airy open loft space work
environment at Vibenshuset to our permanent home at NBB with private offices and roomy
common areas was fairly uncomplicated in spite of the COVID 19 challenges. We managed to move
our entire center with minimal obstacles while most center staff members were enjoying vacations.

As mentioned in the directors’ statement, we continue to expand our center with new staff and
students and naturally concerns for our future office-spaces are already being considered. With
regards to future space concerns, we estimate that the center will outgrow our current allocated
office-spaces within the next year. However, NBI has developed an algorithm based on the number
of staff members and students that allows for calculating, reviewing and reassigning the office-
spaces as needed and required. Both DAWN and DARK are located on the second floor at NBB.

The DTU Space part of DAWN has moved from the ground floor offices to new offices on the second
floor. This means DAWN is now on the same floor as the other astronomers at DTU Space, including
the exoplanet group led by Lars Buchhave, as stated in the DNRF contract.

DTU and the Niels Bohr Building. Credit: DAWN/Peter Laursen



Hiring plan

The independent DAWN postdoctoral fellowship program continues to be competitive with the
major international fellowships in astronomy. We advertise every year and consistently receive 80—
100 applications from around the world. In 2020, we hired Dr. Francesca Rizzo from the Max-Planck
Institute for Extraterrestrial Physics, as a DAWN Fellow at NBI, Dr. Lijie Liu from University of Oxford,
and Dr. Steven Gillman from Durham University as postdocs at DTU.

Our strategy of supporting independent fellows has so far been successful. A DAWN fellowship is
competitive among the strongest, most independent international young scientists who can bring
new ideas and projects to the center. The high profile of the fellows qualifies them as good
candidates for winning their own independent fellowship and young group leader grants. In fact,
four of our DAWN Fellows have won their own grants (two INTERACTIONS EU-cofund grants, one
Carlsberg postdoctoral grant and one Marie Sklodowska - Curie, MSC-EU fellowship). Additionally,
two other fellows were appointed permanent positions in their home countries.

In the past year, DAWN has hired four new PhD students. Three students have started at NBI and
one student has started at DTU. Dr. Charlotte Mason, who will join the DAWN faculty at NBI in
August 2021, has filled the embedment associate professor position at NBI. Dr. Mason is a world-
leading expert in studies of the very first galaxies and works at the interface between observations
and simulations. In December 2020, Dr. Mason won a Villum Young Investigator grant, which will
allow her to build a research group at DAWN. We have also hired Dr. Pascal Oesch who transitioned
from being an international associate to an associate professor at DAWN/NBI where he will spend
20% of every year going forward. Dr. Oesch is a leading expert on optical/near-IR observations of
early galaxies with Hubble and James Webb Space Telescope.

The process of filling the Professorship at DTU Space has been delayed by more than a year;
however, an open call for the Professorship at DTU Space was advertised in March 2021. The call
closed in April 2021, and it is expected that a successful candidate will be found not long thereafter.

Recruitment and gender strategy

The DAWN recruitment strategy is simple: to hire the best talents in our
field. This means our focus is to recruit internationally as well as
nationally, and it means hiring the best and brightest, regardless of
gender, ethnicity, and cultural background. We align our hiring cycle
with the international PhD and postdoc recruitment calendar, and focus
on hiring outstanding, independent fellows from a broad range of
diverse backgrounds to our flagship DAWN fellowship. At DAWN, we
strongly believe that a diverse working environment is one that fosters

Credit: NASA, ESA, and

the Hubble Heritage creativity, different ways of approaching challenges and, ultimately

Team (STSC//AURA) nurtures new ideas.



Science Progress & Research Updates in 2020

Research integrity

From the beginning, DAWN has been committed to the highest levels of research integrity. We
continue our adherence to open access to our research products via arXiv.org and open access
peer-reviewed scientific journals. This also includes the use of public research data repositories.

One of the most important tenets of our research integrity, and which is not highlighted in most
codes of ethics, is the social responsibility we feel towards junior scientists and colleagues in non-
permanent positions.

We therefore work with senior postdocs and scientific/technical staff on fixed term contracts in
two ways: first to develop their skills portfolio with a view to future careers outside of a strict
academic research environment. Secondly, they fill important scientific support roles at DAWN,
until they find desired positions on their career paths. We regard this as an important aspect of
building a trusted, caring, and supportive environment, vital for any successful research team.

Research plan

Research themes and DAWN's 2020 discoveries

The Cosmic Dawn Center studies the birth, the life, and the death of galaxies. In other words, we
aim to detect the first galaxies, investigate their evolution, and learn which processes lead to their
so-called quenching; a term describing how some galaxies cease forming stars. Additionally, we
study the smaller scales, specifically the gas and dust that lies in between the galaxies' stars, known
as the interstellar medium. We also study the larger scales, namely the effect that the galaxies
have on their environment in the early Universe; the so-called Epoch of Reionization. These
scientific goals are reached through our involvement in large observational programs and
interpreted through both existing theories and novel methodologies.

First galaxies

Galaxies are the building blocks of the Universe, and understanding how, and how soon, these
enigmatic structures of gas, stars, and dark matter arose, is an observationally challenging task that
almost involves looking to the edge of the observable Universe.

Currently, the most distant galaxy is seen at an epoch where the Universe was only 400 million
years old, 3% of its current age. The first stars were formed at half this age, but have not been
directly observed.

This is expected to change with the launch of the JWST. Years of preparation will soon provide vast
amounts of data to be interpreted by astronomers. While COVID-19 forced the JWST collaborators
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to once again postpone the launch of the telescope, 2020 was the year of the first cycle of JWST
proposals. During 2020, DAWN did not lie idle, but submitted more than 20 proposals as Principal
Investigators (Pls) and more than 100 as Co-Investigators, for a total of some 4000 hours of
observing time.

Galaxy evolution

Galaxies evolve through both internal and external processes: Gas is converted to stars, which
pollute the interstellar medium with heavy elements, some of which form dust grains. Spiral arms
form, and gas is ejected as galactic winds, triggered by the feedback of stars and quasars. At the
same time, galaxies accrete new gas from the intergalactic medium, and merge with other galaxies.
The interplay between these processes determines the fate of a galaxy - whether it will turn out a
disk like and star-forming spiral galaxy, an elliptical, red and "dead" galaxy, or something else.

The evolution of galaxies was investigated through observations by Walter et al. (2020). Where

they established the need for galaxies to accrete gas from the surrounding intergalactic medium by
constraining the cycle of stars and gas. Meanwhile, Steinhardt et al. (2020a) developed a

theoretical model to explain how galaxies reach the so-called main sequence, which is a relation
between galaxies' stellar mass and the rate at which they form new stars, thus finding that cosmic
rays play a crucial role in this process.

Quenching

From the time they are formed, some galaxies continue to form stars and still do today. The
beautiful bluish spiral galaxies are an example of this. However, others — typically the most massive
and elliptical galaxies — at some point cease to form stars. As the short-lived, blue stars die out and
the long-lived, red ones remain, these galaxies get their characteristic orange-reddish color.

For the Milky Way, forming its hundreds of billions of stars has taken the lifetime of the Universe -
13.8 billion years. It was therefore a surprise when two, possibly three, galaxies were detected
already 1.5 billion years after the Big Bang with a similar number of stars, which had already
stopped almost completely forming new stars (Valentino et al. 2020a).

To understand the Universe at a slightly later time, Stockmann et al. (2020) collected and analyzed

one of the largest samples of galaxies, which are expected to evolve into the most massive elliptical
galaxies in the local Universe. Surprisingly, a large fraction showed signs of ongoing or recent
collisions with other galaxies, helping to explain how massive galaxies double in size over 10 billion
years to match what we see now in the local Universe.

Structures in the Universe form "bottom-up", from little clumps of stars in the very early Universe,
to galaxies, to groups and clusters of galaxies in recent times. Detecting a mature galaxy cluster,
seen when the Universe was only 3.5 billion years old, with stars formed when the Universe was
only 370 million years old, was hence a surprise (Willis et al. 2020).

11



The interstellar medium

Whether stars die with a whimper or with a bang, they return their gas to the space in between
them, only now it is polluted with heavier elements, or "metals".

Not only the metals themselves, but also the molecules and the dust that they form, affect
observations both in emission and in absorption. Moreover, they facilitate star formation, and they
engender massive outflows through stellar and galactic winds.

These processes are interesting in themselves, but also have major impacts on the evolution of
galaxies. Analyzing the interstellar medium, or the gas between the stars, is thus pivotal to
understand galaxies.

During intense bursts of star formation, one might expect the interstellar medium to heat up.
Observationally, however, in the early Universe such galaxies appear to become colder. An
appealing solution to this puzzle was offered by Cortzen et al. (2020), who revised the way that

temperatures are derived from carbon and dust in the interstellar medium.

Valentino et al. (2020b) and Valentino et al. (2020c) probed the carbon and carbon monoxide

emission of a sample of galaxies, establishing relations between how efficiently gas turns into stars,
how fast it happens, and the intensity of the radiation from these stars.

Reionization

Through its history, the Universe has experienced a number of global transitions. Most of these
took place in the early Universe. Shortly after the Big Bang, the Universe was so hot that all atoms
were ionized and electrically charged. When it had cooled enough that neutral atoms could form,
it remained so for several hundred millions of years. However, roughly half a billion years after the
Big Bang, a global phase transition took place, where the entire vast space between the galaxies
was re-ionized.

While there is general consensus that the sources of the ionizing radiation was hot stars in the first
galaxies, quasars (supermassive black holes) are also thought to play a role. An interesting discovery
was made by Fynbo et al. (2020), who for the first time measured the distance to such a quasar

based on its halo of hydrogen; this colossus is spewing out material at 10% the speed of light!

A theoretical breakthrough was presented by Naidu et al. (2020) in the form of an empirical model

that accurately matches a number of observations and predicts testable results: Reionization was
dominated by a few very bright galaxies, with the fainter majority contributing negligibly, contrary
to what was previously thought. This study was co-authored by Dr. Pascal Oesch and Dr. Charlotte
Mason (Naidu's supervisor), who both recently accepted a part-time and full time position,
respectively, as associate professors at DAWN.

12



Major DAWN programs

DAWN is involved in a number of observational programs, or surveys, dedicated to unraveling the
mysteries of the "cosmic dawn epoch".

The BUFFALO survey is a Hubble Space Telescope program, designed to investigate early galactic
assembly and clustering. One of BUFFALQ’s key goals is to determine how rapidly galaxies formed
in the early Universe. BUFFALO is led by Charles Steinhardt, and an already well-cited paper
describing the survey came out recently (Steinhardt et al. 2020b).

BUFFALO utilizes a marvelous technique called gravitational lensing, where the very gravity of a
massive foreground galaxy cluster warps space so much that light from distant background galaxies
is deflected and amplified. This technique was also used by, Fujimoto et al. (2020a) to investigate

the most massive black hole in one of the "first" galaxies.

Fujimoto and other DAWNers are active members of the ALPINE program, an international
collaboration dedicated to measuring the infrared properties of the gas and dust in more than 100
galaxies 0.9 — 1.5 billion years after the Big Bang. This epoch "bridges" the time from the first
galaxies to the more evolved galaxies, and a large number of studies have emerged from this study.

Fujimoto et al. (2020b) demonstrated how the size of galaxies evolve, and how some of them are

surrounded by a large, carbon-enriched halo. Meanwhile, Fudamoto et al. (2020) and Béthermin et
al. (2020), with a strong DAWN involvement, characterized the evolution of the properties of dust
and the star formation properties, respectively, in these early galaxies.

Gravitational lensing is also the backbone of the ReQuieM survey, led by DAWN's international
associate Kate Whitaker, studying the most massive galaxies in the early Universe. A pilot study of
the methodology that will be used to analyze the sample was presented in (Akhshik et al. 2020).

The COSMOS survey is the largest survey ever with the Hubble Space Telescope, and this field has
since been observed with virtually all major telescopes, providing measurements from X-ray to
radio wavelengths. The survey “catalogs” containing physical properties of more than a million
galaxies over most of the age of the Universe are among the most influential studies in astronomy.

DAWN is leading the latest version of the catalog, which was released internally to the COSMOS
team in September and is currently under review for publication. The new catalog builds on new
infrared data from the DAWN-led UltraVISTA survey (Co-Pl Johan Fynbo), and optical data from the
Japanese Subaru telescope in Hawaii. The new data finally makes it possible to find the rarest
brightest galaxies during the cosmic dawn epoch. Several telescope proposals have been submitted
involving almost all DAWN members to study these newly discovered galaxies.

The COSMOS survey is a prototype for the much larger Cosmic Dawn Survey to cover the deep fields
of the Euclid Spacecraft mission (scheduled for launch in 2022) with deep multi-wavelength data to
allow discoveries of thousands of cosmic dawn era galaxies. In early 2021, the DAWN-led Cosmic
Dawn Survey was officially selected by the Euclid board as a pre-launch key project, of essential
importance to the mission.

13



Theory and novel methodologies

While most research at DAWN is observationally inclined, theories are needed not only to explain
and interpret observations, but also to predict what we may expect to observe. Lagos et al. (2020)

did exactly this, studying the most massive, dusty galaxies through semi-analytical models that
match observations remarkably well in a number of properties. In a more classical, numerical
simulation of the hydrodynamical formation of galaxies, Salim & Narayanan (2020) implemented

a sophisticated model of dust formation and destruction processes, calculating the extinction
properties of dust in galaxies.

The phenomenological model of Kaufmann et al. (2020) demonstrated the need for observing

larger areas on the sky, rather than small areas for a long time, in order to properly quantify the
luminosity distribution of the brightest galaxies. A more empirical model by Gobat et al. (2020)

showed how some galaxies may be quenched even though they have a fair amount of gas left.

A fairly novel methodology that has entered astronomy is machine learning. With this technique,
DAWN BSc student Christian Jespersen et al. (2020) was able to classify so-called gamma-ray bursts

(the most violent explosions in the Universe), which are also helpful in probing the interstellar
medium of galaxies.

As described above, quenched galaxies turn redder with time. However, galaxies may also appear
red due to the presence of dust. Distinguishing between the two can be a challenge, particularly in
samples of thousands of galaxies where they cannot be inspected individually. Steinhardt et al.

(2020c) presented a promising machine learning-based method to differentiate between the two.

Credit: NASA, ESA, and the Hubble SM4 ERO Team
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Survey & Observation



Cosmic Dawn Survey

The Cosmic Dawn Survey is a 50 square degree multi-wavelength survey of the Euclid Deep and
Calibration fields. The scientific aim is to understand the co-evolution of galaxies, black holes, and the
dark matter haloes that host them from Re-lonization (z~12, about 500 million years after the big-
bang) to the present (z~0). The fields are some of the darkest and most observable fields on the sky
and have existing multi-wavelength data that will enable immediate science. The survey parameters
are designed to enable stellar mass measurement at 3 <z < 12 (2 billion years of Cosmic time, starting
500 million years after the Big Bang), to probe the large scale structure of reionization in the early
Universe, and find luminous quasars to the highest redshifts where they exist.

Structure of dark Galaxy growth and

matter halos - > 4 evolution

Image Credit: The Cosmic Dawn Survey
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Happy Birthday to the Hubble Space Telescope

The satellite observatory has orbited the Earth some 165,000 times since its launch on board the
Space Shuttle Discovery on 24 April 1990. A huge fraction of these orbits have yielded data and
measurements that have helped us to better understand the cosmos and humanity's place in it, from
characterizing the atmospheres of planets orbiting nearby stars in our own Milky Way galaxy to
measuring the expansion rate of the Universe itself.

The Cosmic Dawn Center wish the Hubble Space Telescope a happy birthday celebrating 30 years in orbit.

Hubble observations form a critical part of many past discoveries and ongoing research projects at
DAWN at the University of Copenhagen and DTU. For example, DAWN director and NBI Professor
Sune Toft used Hubble images to resolve the extremely dense cores of distant massive galaxies and
Associate Professor Gabriel Brammer used Hubble spectra to measure the distance to the furthest
object currently known, a brilliant starburst galaxy as it formed just 400 million years after the Big
Bang. Hubble is still going strong, with its data contributing to 1,000 scientific papers or more each
year, and its spectacular images inspiring generations to both look up at the sky in wonder and also
to appreciate the Earth around them.

We wish Hubble many more productive orbits to come!

19
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Feature Articles



The James Webb Space Telescope

By Peter Jakobsen

In July 2020, NASA announced
that due to the impact of the
COVID-19 epidemic, the launch
of James Webb Space
Telescope (JWST) had been
delayed from March to October
2021. The vyear nonetheless
saw considerable progress
being made in the final
integration and testing of the
observatory. The fully
assembled observatory is at the
time of writing at the Northrup-
Grumman facility in California,

where all its deployable

: Y N \ﬁ_ - elements have successfully
Figure caption: The JWST spacecraft at Northrop-Grumman during a been tested, including the

deployment test of its sunshield. Credit: NASA/ESA/CS iconic 655 m hexagonal

telescope mirror, and the tennis court sized five-layer sunshield whose shadow will allow the JWST
telescope and its three instruments to cool down to their operational temperatures below -220
degrees C.

The fully assembled spacecraft has most recently undergone electrical check-out, and the verification
of the end-to-end ground system is ongoing. The coming months will see the final deployment tests,
after which work will focus on stowing all mechanisms in their launch configurations in preparation
for transportation of the observatory by boat to the ESA launch site in Kourou, French Guiana, where
it will be mated to the Ariane V launcher.

The deadline for the first open call for proposals for General Observer JWST time issued in January
2020, was also extended to 24 November 2020 in light of the epidemic. A total of 1173 proposals
involving researchers from 44 counties were received. DAWN staff members led a healthy fraction of
the proposals submitted from Denmark. The Time Allocation Committee met in February, and the
selected proposals are expected to be announced in March.

DAWN staff are also actively involved in the development all three of JWST's instruments, and were
kept busy during 2020 preparing in detail the Guaranteed Time Observations of these instruments.
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Students exploring modern astronomical research challenges

By Charles Steinhardt

One of the wonderful things about astronomical research is that there are many fundamental
problems which allow meaningful progress by a student who has not yet had time to acquire a strong
technical background. Perhaps this is because even though astronomy is one of the oldest sciences, in
many ways modern astronomy is actually one of the youngest. As a child, the problems that first
inspired me were in number theory, and it was frustrating to find out that doing something new
required first mastering thousands of years of past progress. In many areas of mathematics, even the
most advanced students cannot begin to do research until they are close to their PhD. In contrast, our
current picture of the Universe is less than a century old and several of the most important current
problems are questions that we could not even have formulated when | was a bachelor student. A
talented student can therefore very quickly pick up the background needed to work on problems at
the forefront of modern astronomy.

Since the start of the Cosmic Dawn Center, we have been running an undergraduate research program,
building off previous programs during my time at Kavli IPMU and Caltech. We bring students to
Denmark for 11 weeks each summer, doing individual research projects with a mentor at DAWN.
Funding comes from a partnership between Dawn and several American Universities, which over the
past few years have included Caltech, Connecticut, Harvard, Minnesota, Princeton, and Riverside.
Although many REUs focus on more experienced students, we reserve some spots for talented first-
year students as well, so that often our program is their first research experience. As a result, our
application does not focus on past experience, but rather creativity, and often includes a challenge
question unrelated to astronomy. Past topics have included nuclear semiotics, population dynamics
in turtle ponds, and how to choose optimal hubs for a new airline.

A key goal of the program is to ensure that students have a genuine research experience at the point
when they are deciding whether
to pursue research, or research in
astronomy, as a career. With that
in mind, every project focuses on a
truly unsolved problem with the
potential for a significant impact,
and students have been able to
make several important
discoveries over the course of
their summer research. To date,
over the nine years of the program
at DAWN, Caltech, and Kavli IPMU,
we have had 28 students produce
a combined 20 publications with
over 1500 citations, so that

several projects have had a
significant impact. Of course, ride along the southern coast of Zealand to Stevns Klint and Rgdvig with
part of the tradeoff in choosing Prof. Charles Steinhardt. Image Credit: DAWN Center
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potentially impactful problems is that they are also inherently risky, and several students have done
excellent summer research only to show conclusively that the idea | encouraged them to pursue wasn’t
a very good one. Although this outcome is never the goal when picking a topic, unfortunately this is
also part of being a researcher, and can be an important experience for young researchers to have
while deciding whether this is the right career for them. In my view, a student has had a successful
summer if they learn enough to figure out whether they want to become astronomers, even if that
answer turns out to be no.

Many of our students have continued to graduate programs in astronomy, including Caltech, Harvard,
Princeton, U. Penn., Berkeley, UCLA, Washington, and U. Mass. Because we have many first-year
students, others have switched fields, and are instead in graduate school in geology, quantum
informatics, condensed matter physics, and biophysics. In order to encourage students to explore
more widely, we have weekly talks by non- astronomers on topics ranging from climate science to
reconstruction of Viking-age longships.

An additional advantage of the summer research program is that over the past couple of years, KU
students have started to ask about similar projects, both during the summer and the academic year.
This has developed into several projects, including one that gained considerable academic and media
attention, classifying gamma-ray bursts using machine learning. These projects have also allowed top
KU students to apply to top American graduate programs with a research portfolio comparable to
strong American students. At present, the program is funded on a short-term basis, and it is necessary
to source new funding every year, limiting our partner Universities to those which can provide partial
contributions. We are currently in the progress of seeking long- term funding in order to run the
program on a permanent basis and for a broader audience.

Image Credit: Roskilde Viking Ship Museum
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Transitioning to industry may be easier than you think

By Peter Capak

In February of 2020, | decided to leave my academic position at Caltech for a position in industry at
Facebook Reality Labs working in augmented and virtual reality. This may not seem like the most
natural of transitions, when you think of virtual reality and social media, the physics of the early
universe and galaxy formation is not the first thing that would come to mind. So, it might surprise
you to learn that most of what | do day to day hasn’t really changed from my academic position. The
skills professional astronomers learn are highly valuable and directly applicable to many areas of
industry. | would go even further to say that the skills emphasized at DAWN are some of the most
transferable. Below are four examples to better illustrate the point.

Structuring white spaces at the edge of knowledge: To a scientist it is natural to explore the void of
knowledge beyond what you know. Designing an experiment starts with mapping the edge of your
knowledge, finding and adding in what others
know, then choosing a path that is most likely to
result in new information. This same skill applies to
building a new device or a new system that has
never been produced before.

Explaining complex ideas in one field to experts in
another: At DAWN we intentionally mix theorists,
observational astronomers, and instrumentalists to

gain the maximum synergy and advantage in
understanding the early universe. The same is true
of my work at Facebook Reality Labs, | often cross
disciplines and engage experts from different areas
to tackle a problem. The ability to find common
ground and exchange understanding at the
boundaries of expertise allows us to address issues
and find solutions that are much larger than the
sum of their parts.

Peter Capak. Image Credit: Guarn Nissen

Communicating clearly constructed and justified

arguments: While most scientist dread writing proposals, the ability to make a clear concise argument
in short form is extremely valuable. It allows you to influence direction and to encourage large groups
of people to follow your lead. This ability to explain complex topics, set direction, and amplify
information is extremely valuable to organizations that need to move quickly to stay ahead of the
competition.

Determining what data is most valuable and pursuing it: Data costs money. In astronomy that is
abstracted into large telescope facilities and time, but in industry it actually costs something to go
collect data. Being able to identify the most valuable data to collect and extract the most from
cheap data is an extremely valuable skill.
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So why do astronomers have a hard time making a transition to industry? Its largely because academia
has a value system that is different from industry, which makes the process of applying to an industry
job different than an academic position. Here are three tips for those who are contemplating a career
transition from academia to industry:

Tell the story of your research through the lens of skills: You need to articulate how you applied skills
to achieve a goal. Almost nobody will understand what it takes or means to get a few nights on the
Very Large Telescope or to get a grant to pursue your research interest. You need to explain that this
requires breaking down a problem into individual work packages, forming a cross functional
collaboration, writing a detailed technical justification, and executing the project on time and
budget. The same translation can be done for developing data reduction pipelines or developing
new algorithms.

Focus on how you have supported the success of larger projects: In academia we place a heavy
emphasis on individual contributions. Industry assumes collaboration is essential to success and that
every position is important in a project. Leadership is seen as the ability to work in and with a group
to achieve a common goal. Managers and directors are there to support the individual contributors
that make a project happen. You are expected to be a team player and aim to combine and leverage
your skills with those around you.

Build and use your professional network: Most companies use referrals to screen applicants, so
establishing contacts with existing employees and recruiters is very valuable. In addition, your
LinkedIn profile will likely be used interchangeably with your resume. So, it is important to keep it
current. Networking is easier than you might think, ask your friends and colleagues to make
introductions and set-up informational interviews to learn more about the areas of industry that
pique your interest. Establish a LinkedIn connection with those you meet in industry and use those
contacts to get more informational interviews to focus your search.

Image Credit: Terry Hancock (Down Under Observatory) and Subaru/NASA/JPL-Caltech
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Measuring the expansion rate of the Universe

By Albert Sneppen

In September 1998, the month | was born, the accelerating expansion of
the Universe itself was uncovered and published. Suddenly, the celestial
giants were not merely running away from us, but counter-intuitive to
our very understanding of gravity, they are pushing the pedal and
speeding away. In the 22 years that have passed, cosmology has matured
quite a bit.

The significance of the original findings has improved with the Universes
current expansion rate being ever more well constrained by an
increasing number of supernova-observations. However, with greater
constraints an unnerving tension, the so-called Hubble tension,
between the early and late universe has emerged. The expansion rate

measured locally by supernovas disagrees with the expansion rate
inferred from the remnant radiation of the Big Bang. These widely

Credit: Anders Fjelbderg

different perspectives suggest an existential schism in Cosmology with
new physics required to understand the Universe on its very grandest scale.

However, perhaps it is not the laws and models of the Universe which needs correcting, but merely
the hidden assumptions of our techniques of observations. With this in mind, in collaboration with
Bidisha Sen and Charles Steinhardt, we re-examined the supernova- measurements of the last 22
years. Digging into the uncertainties reported across datasets we found an intriguing and potentially
dangerous assumption in the redshift [i.e. the velocity with which objects are moving away from us].
The large catalogues of observations mix redshifts from well-measured spectral features of host-
galaxies with the poorly constrained redshifts of supernova explosions. The latter is a far more
complicated endeavor, as it requires are precise model of the stellar explosion.

Therefore, in the collaborative environment which DAWN breeds we began the careful process of
cataloguing supernovas, differentiating between methodologies and re-analyzing the cosmological fits
of the Universes composition and expansion rate. To our great amazement the two samples of
supernovas disagree. Furthermore, the more precise measurements not only disagree with the early
Universes expansion rate but also its composition. This novel tension opens the door for entirely new
physical explanations for the apparent incongruity of our Universe. New theoretical explanations with
changes to Dark Matter or structure formation may solve both tensions and with new redshift-
measurements at the Nordic Optical Telescope underway we may soon get a deeper understanding of
the curious expansion of our celestial giants.

This project has certainly shown me the great opportunities within the academic world in general and
specifically at DAWN. | am fortunate and privileged to be able to examine the most fundamental
questions of our cosmos with the competent help and attentive supervision which Charles
Steinhardt has provided.
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My experience at DAWN was truly enriching

By Carlos Gomez

| grew a lot as a young researcher at DAWN as a PhD student. Every year
| could see how | was progressing at many different levels, from the pure
scientific and technical knowledge to the development of independent
ideas. Of course, all this could only be possible thanks to the great
scientific and human atmosphere at DAWN. There, | worked in a topic

that | always thought was truly important for our understanding of the

Credit: Carlos Gomez entire history of the Universe, the evolution of massive galaxies in their
most intense period of star formation. The science team at DAWN is composed of world class
scientists of even greater human value. | always felt all these were the perfect combination: relevant
science topic, great scientists, and good working atmosphere. A PhD is a challenging task with ups and
downs, but when | remembered that | was at a place where | could enjoy these three pillars, it was
always easy to keep myself engaged and motivated. In fact, after my PhD, | decided to continue my
scientific career as a postdoc. These learnings are what | cherish the most of my PhD studies at DAWN
and now | always try to carry with me these values to a new place: the interest for relevant questions
and create a good atmosphere where everybody can find the best conditions to flourish.

From a more technical point of view, | learnt to investigate a broad science topic using a variety of
techniques at DAWN. | acquired the technical competences to analyze multi-wavelength datasets,
especially during my stay abroad at Cornell University. This was possible due to the exchange program
of the University of Copenhagen that provided me with an excellent set of skills in millimeter
interferometry. The combination of being able to think about a broad topic in a multi-wavelength
fashion with the more in-depth knowledge about millimeter interferometry is exactly what my current
team members found valuable and interesting about my profile. At the moment, | keep investigating
the evolutionary pathways of massive galaxies in their most intense star formation phases in the
distant universe. | work with a multi-wavelength approach with a focus on millimeter interferometry
using ALMA and the preparation for future projects in the near and mid-infrared with the James Webb
Space Telescope. | am leading my current team efforts in one of the largest ALMA surveys with
complete independence to pursue my own projects. You can see a variety of dusty star-forming
galaxies completely missed by optical surveys that | discovered in this survey. This is one of the most
interesting topics these days as these galaxies are thought to dominate the contribution of massive
galaxies to the star formation rate density in the distant universe.

| keep progressing as a scientist and now | am also able to transfer all of my acquired knowledge to a
new generation of PhD and master students that | am involved in supervising. | feel that | fit like a

hand in a glove in my TG s : A2G:S38
Flaow - o - TRACS.G

current position and | am
thankful for all | learned
at DAWN and the
resources made available
to me.

Image Credit: Carlos Gomez
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A dream come true

By Nina Bonaventura

As one of the first post-doctoral researchers hired by the Cosmic
Dawn Center (DAWN), I’'ve had the privilege to witness its evolution
into a world-class research facility, and play an active role in some
of its most impactful scientific endeavors. My arrival at DAWN at
the start of 2018 felt like a crowning moment at the end of the long
and dedicated career journey that led me there. After having
worked for a number of years as a professional astronomer in
support of a NASA space mission in my home country, the United
States, | made the difficult decision to leave that very rewarding and
secure work position to complete an unfinished doctoral degree in
astrophysics in order to finally fulfill my ultimate career goal of

becoming a Research Scientist. It is therefore an understatement to

Credit: Nina Bonaventura say that it was a ‘dream come true’ when | landed my first ‘post-
doc’ with this new title at a promising new center for astrophysics, in the heart of a beautiful and
socially progressive European city such as Copenhagen. It is here that | would be afforded the rare
opportunity to work yet again on the science team of a new NASA space mission, to exercise both my
hard-earned academic and professional skills in a continued investigation of the mysteries of the
Universe.

Shortly after earning my PhD degree in physics at McGill
University in Montréal, | waved ‘au revoir!’ to friends, sold
off most of my belongings, packed the remainder into two
suitcases, and boarded a plane for Denmark. Once here, |
was immediately greeted by my esteemed supervisor, Dr.
Peter Jakobsen, wasting no time before diving into our joint
tasks and responsibilities as key players on the James Webb
Space Telescope (JWST) NIRSpec Guaranteed Time
Observer (GTO) team (...except for the thirty minutes we

each spent idly waiting to meet one another for the first

Credit: NASA

time at a different “granite sculpture in front of the Niels
Bohr Institute”; it turns out that there are two such locations). JWST is a revolutionary new space
telescope that was designed to succeed the legendary Hubble Space Telescope and is the culmination
of a joint international effort over many years by a variety of teams of science professionals at the
National Aeronautics and Space Administration (NASA), the European Space Agency (ESA), and the
Canadian Space Agency (CSA). NIRSpec, the Near InfraRed Spectrograph, is a major contribution from
ESA to the JWST mission and is widely regarded as the ‘workhorse’ of the suite of impressive
instruments onboard JWST, due to the promise of its plentiful scientific return across a number of
research areas in astronomy. NIRSpec will also be the first instrument of its kind to fly in space.
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The NIRSpec GTO program is responsible for the design and execution of a number of large and small
scientific programs that cover a range of astrophysical topics, with the scientific results produced by
NIRSpec at its heart. The most ambitious of these programs is the core, multi-tiered physics of galaxy
assembly survey, with which we are actively involved at DAWN. In addition to working towards the
primary goal of scientific excellence of this program, we also spend a significant amount of time
optimizing the observation strategies of the NIRSpec instrument, which is helpful not only to the
program itself, but also provides useful feedback on data quality and observing possibilities to the
main JWST scientific operation center (Space Telescope Science Institute) and to the astronomical
community at large. Fortunately, not long into my appointment as DAWN post-doc and NIRSpec GTO
team member, | developed a novel algorithm that solved a long-standing problem of how to ensure
the maximal, highest-impact scientific output of observations taken specifically in the “MOS” (multi-
object spectroscopy) mode of the NIRSpec instrument. Since that time, the start of the mission -
marked by the launch of the space telescope from a rocket ship to one million miles away from Earth,
where it will begin its science operations - has been delayed significantly, a full three years from
October 2018 to October 2021. Thankfully, in spite of having hurried over to Copenhagen from
Montréal several years ago in anxious anticipation of what we thought would be the imminent start
of the JWST mission, there has been no shortage of necessary and important tasks to continue to
fulfill in addressing the scientific needs of the NIRSpec user community.

As the major scientific focus of DAWN is on the study of
galaxies in the high-redshift universe, many of our members
; e S a are eagerly awaiting the discoveries that JWST was primarily
conceived to detect: the first generations of galaxies ever to
European Space Agency be born in the Universe, at the dawn of cosmic time. In order
for DAWN astronomers, and astronomers across the world, to
Credit: European Space Agency propose to secure ‘time’ on such a powerful space telescope
to observe their favorite galaxies in the early Universe, an
extensive and formal proposal preparation process must take place. In 2019, | shared the distinctive
honor with DAWN colleague, Dr. Gabriel Brammer, of being selected to represent Denmark in the
JWST Master Class hosted by ESA, an immersive program designed to train the twenty-four selected
astronomers from their representative European countries to quickly become experts in proposal
planning with JWST and its instruments: NIRCam, NIRSpec, MIRI, and NIRISS. This involved
participation in a three-day workshop in Madrid, Spain, in early February 2020, where we received
this intensive training in the form of informational presentations by ESA members, and associated
hands-on exercises utilizing the various software applications developed to complete a JWST
proposal. The purpose of this “master” training was to allow each of us to return to our host
institution and disseminate our newfound knowledge in a workshop of the same format, for the
benefit of our local astronomical community in preparing their own JWST proposals.

Sadly, in the weeks following the JWST Master Class training in Madrid, the covid-19 pandemic struck
and therefore prevented us at DAWN from hosting our planned face-to-face meeting with the
workshop participants from around Scandinavia. While it was regretful that we could not, in the end,
provide more personalized assistance to our local JWST proposers in the form of a physical workshop,
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with remote support from ESA staff we managed a very successful three-day virtual workshop over
the Slack application, which is designed for easy online work collaboration. As a duty to those we
were chosen to serve, we prepared for this online meeting no less than for a more formal and
intensive in-person meeting, studying and exercising example proposals for a host of different
science cases and instrument observing modes. As a result we felt confident that all involved in the
workshop were rewarded. In fact, | personally observed this online workshop format to benefit the
more junior and timid workshop participants in getting the help they needed with their proposals,
having gotten the impression that it would have been more difficult for them to ask their questions
in a more-open and public forum. It also goes without saying that our DAWN colleagues with whom
we were able to interact more directly, were very thankful for having benefited from their own
personal “JWST Helpdesk” in the preparation of their JWST science proposals. Now, we at DAWN
must cross our fingers and wait for a successful JWST launch in October 2021, and to be granted as
many of the hours of observing time that we requested to continue our contributions to great galaxy
science!

In October, DAWN hosted a
ESA/JWST master class for the
broader Danish/European
community

From the left: Nina Bonaventura and Gabriel Grammer. Credit: DAWN
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TV, Radio & Social Media

Interviews

TV show interview

Podcast Interview

Feature Interview
Filming

Filming

Interview
Interview

Interview

Live radio show
(Radio4)

Podcast

Video

The paper "An Unambiguous Separation of

Gamma-Ray Bursts into Two Classes from
Prompt Emission Alone" by DAWN student
Christian Jespersen led to a number of articles
and interviews in various media, including "Go'
Morgen Danmark" (TV2).

Comedian Jonatan Spang interviewed DAWN's
Peter Laursen in his show "Teet Pa Sandheden"
(DR) on the astrophysical implications of a
giant rum truffle cake ("romkugle").

Journalist Lone Frank asks Professor Johan
Fynbo 24 questions on "Kosmisk daggry".
Johan reveals that finally, astronomers have
found the half of the universe's matter that has
been missing since the Big Bang.

Mellem Himmel og Ord
"Stjernekigger"-pilot episode

Naturvidenskabernes ABC — alting er lavet af
partikler"

Time and entropy in the movie TENET
Nobel Prize in Physics 2020

Astronomy on the university radio in the
program "Aflgnnede hjerner"

Time & entropy in the movie TENET

The Big Bang

Hubble's 30th Anniversary
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Articles & Features

Popular science articles

Article

Astrobites

Feature Article
Feature Article

Japanese feature
article

Kronik i Berlingske
Tidende

Person of the week in
Dagbladet Information

Press release including
web article

Web Article

Article

DAWN's Peter Laursen wrote a series of
popular science articles on galaxies and their
formation on videnskab.dk/ForskerZonen.
The articles were also translated to English
and published on ScienceNordic.com.

Taenketanken Eksistensen-Corona

Publication summaries on interesting work in
astronomy

Hubble Constant Paper, 2
Hubble Constant Paper, 1

"Discovery of Carbon cocoons surround
growing galaxies"

Equality

On the Nobel Prize in Physics 2020

"Galaxies in the Infant Universe were
Surprisingly Mature"

What is a supernova?

Glimt fra Rummet

Peter Laursen

Johan Fynbo

John Weaver

Charles Steinhardt
Charles Steinhardt

Seiji Fujimoto

Johan Fynbo

Peter Laursen

Seiji Fujimoto

Peter Laursen

Charles Steinhardt

How are galaxies formed?
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What is a galaxy?
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Talks & Presentations

Public talk series

Educational event

Educational program

Presentation
Presentation
Presentation

Presentation in a bi-
annual Japanese
conference

Presentation in a bi-
annual Japanese
conference

Presentation in ESO
Public Lecture

Talk

Talk (Planetarium)

Webinar

Part of the worldwide initiative
"Astronomy On Tap" in "Huset",
Copenhagen, partly organized by DAWN's
John Weaver.

Hosted the local Danish JWST Proposal
Planning Workshop

Hosted a female high school student Freja
Max Andersen at DAWN 2-6 March

Det Kosmiske Daggry
Gravitationsbglger og sorte huller
Rejsen til et Sort Hul

"Truth or Delusion?

A Possible Gravitational Lensing
Interpretation of the Ultraluminous
Quasar SDSS J0100+2802 at z = 6.30"

"[Cl] Halo in the early Universe"

"[Cll] Halo in the early Universe"
Folke Universitetet: Cosmic Dawn
ScienceTalent

Andromeda

Middelfart Gymnasium, fysik B: Questions
about cosmology

John Weaver

Nina Bonaventura

Nina Bonaventura

Thomas Greve
Johan Fynbo
Thomas Greve

Seiji Fujimoto

Seiji Fujimoto

Seiji Fujimoto
Sune Toft

Charles Steinhardt
Peter Laursen

Peter Laursen

Detaljer

X
Museum

Billetter

Space - lyn, galakser, rumjura og
marsbaser

Udsolgt til dette arrangement

Tid: 11, nov, 2020, . 19.00-21.15

Sted: Chr, Hansen Auditoriet,
Bartholnsgade 4A, 1356 Xabenhsvn

Arranger: Statens Naturhistoriske
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John Weaver speaking at the Astronomy Tap event. Image credit: Astronomy on Tap Copenhagen

39



" -

. » - -
' Irfnagtem the Starformation Conference.in Hert

I77_7g'g Credit: N.ASA/JPL-CaItech/R. Hurt (§SC/Caltec
h‘ 3 T4 < . . .:




Conferences & DAWN Summit



Conferences

Organization of international conferences, symposia, seminars etc.

Starfomation Across The Universe Hertfordshire, UK
JWST Master Class Workshop Madrid, Spain
Euclid Consortium Meeting Virtual
SURF@DAWN Summer Undergraduate Virtual

Research Program

BUFFALO Collaboration Meeting Virtual
EAS (European Astronomical Society) Virtual
2020, Session Organizer - (Special Session)

SS04

DAWN Summit Virtual

JWST Proposal Preparation Master Class Virtual

20-22 January
3-5 February
May

Summer

June

July

July

October

Images from the Starformation Conference in Hertfordshire, UK. Image Credits: NASA/JPL-Caltech/K.
Gordon (University of Arizona). ESO/José Francisco Salgado
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Title of event:

Invited Seminar

Royal Swedish Academy Of Sciences Site
Visit

North Ecliptic Pole (NEP) Conference 2020

Protoclusters: Galaxies in confinement,
IAC

Oskar Klen Centre Colloquium

Summer All Virtual Epoch of Reionization
Astronomy

The Rise of Metals and Dust in Galaxies
Through Cosmic Time

The Cold ISM During the Epoch of
Reionization (CIDER)

The Growth of Galaxies in the Early
Universe

ESO weekly seminar

Workshop on Perspectives and
Applications of Deep Learning for
Accelerated Scientific Discovery in Physics

Conference Seminar
Conference Talk
Seminar, Cambridge, UK
Seminar

Seminar

Subaru Telescope 20th Anniverseary

Royal Swedish Academy of Science

Location:

Harvard-Smithsonian Center for
Astrophysics

Niels Bohr Institute, Auditorium A

Virtual, (Tapei, Taiwan)

Virtual (Gran Canaria, Spain)

Virtual (Stockholm University)

Virtual

Virtual (originally planned in
Marseille)

Virtual (originally planned in
Marseille)

Sexten, Italy
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DAWN Summit 2020

Group photo from ZOOM at the virtual Summit 2020 at The Cosmic Dawn Center. Credit: DAWN

Since its inception, DAWN has hosted an annual summit for all DAWNers around the world. This is a
chance to get together and touch base with each other. However, the overall purpose of this meeting
is to get a feel for what everyone is working on, to learn new faces, as well as to spawn new
collaborations within the "DAWN Family". Like most

other meetings in 2020, the annual DAWN summit

Meeting sessions

was held online. With participants from the US,
Europe, and Australia, a time interval convenient
for everyone was small. Therefore, we chose to
keep it brief; a two-day workshop, with 3 hours [ #eeee

each day, was arranged and featured nine sessions.
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Each session included an introductory talk and

Ailerstrdar et
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Screenshot of the program for day 1 and list of meeting sessions for the summit 2020. Image Credit: DAWN
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An overview of the sessions and talks can be seen on the webpage created for the summit 2020
below and via this link anisotropela.dk/dawn/summit2020

Gabe Brammer (KU)
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One pagers submitted at the DAWN Summit. Image Credit: DAWN

¢ Summit 2020

The DAWN Summit event-webpage. Credit: DAWN
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Guest & Visitors



Visitors

Eric Rohr 18 February Max Planck Institute  Describing the Galaxy-Halo Size
for Astronomy Relation at Cosmic Noon in FIREbox
Maciej Koprowski 19 March Nicolaus Copernicus  Determining star formation rates in
(Virtual) University in Torun high-redshift galaxies from IRX-beta
relation
Lucas Makinen 08 September Institut Accounting for Incompleteness:
(Virtual) d'Astrophysique de Reducing Selection Effects Bias in
Paris Supernova Cosmological Inference
Sarah Leslie 17 September  Max Planck Institute  The rise and fall of cosmic star
(Virtual) for Astronomy formation: results from 3GHz VLA

COSMOS Large Program

Charlotte Mason 29 October Harvard University What can galaxies tell us about
(Virtual) reionization?

Fabian Walter 05 November Max Planck Institute ~ ASPECS: The ALMA Spectroscopic
(Virtual) for Astronomy Survey in the Hubble Ultra Deep Field

Gergo Popping 03 December European Southern The dust-continuum size of galaxies
(Virtual) Observatory over cosmic time in the TNG50

simulation: a comparison with the
distribution of stellar light, stars, dust

and H2
Francesca Rizzo 10 December University of A strong gravitational lensing view on
(Virtual) Copenhagen the dynamical properties of high-

redshift dusty star-forming galaxies
(was postponed due to COVID-19)

MAX PLANCK INSTITUTE
FOR ASTRONOMY

Erik Rohr at DAWN Credit: DAWN and
Max Planck Institute for Astronomy
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Guest Researchers

Bidisha Sen 01 August 2019 08 July 2020

Giacomo Girelli 16 October 2019 15 January 2020 INAF - OAS Bologna

Ivana Langan 20 January 2020 20 May 2020 University of
Montpellier

Timothée Vene 20 February 2020 20 July 2020 Ecole Centrale
Marseille, Marseille

Freja Max Andersen 02 March 2020 06 March 2020 High School Student

(Intern/Practical)

A socially distanced outing at the northern seaside town
of Hornbaek with friends. Image Credit: Guarn Nissen
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PhD & Master Defences

PhD
Name Primary Censor End Date Title of thesis
Supervisor
Isabella Cortzen Georgios Magdis Dave Clements 04 June 2020 A view into the
and Sune Toft and Caitlin Casey interstellar
medium of
galaxies across
cosmic time

From the left: Georgios Magdis and Isabella
Cortzen. Image Credit: Guarn Nissen

From the left: Sune Toft, Isabella Cortzen and
Georgios Magdis. Image Credit: Guarn Nissen
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Master Students

Primary Supervisor End Date Title of thesis

Athanasios
Anastasiou

Simon Pochinda

Malte Brinch

Clara Giménez
Arteaga

Suk Joo Ko

Georgios Magdis

Georgios Magdis

Darach Watson

Gabriel Brammer

Johan Fynbo

Frank
Grundahl

Maximilian
Stritzinger

Jérdme
Chenevez

Maximilian
Stritzinger

Allan
Hornstrup

08 December

30 September

17 August

30 June

06 January

Galaxy Evolution studies
with the new, state of the
art, multi-wavelength
catalog in the COSMOS
field

A panchromatic and
structural study of high
redshift star forming
galaxies

Reverberation mapping of
nearby Seyfert galaxies for
cosmology - Determining
the dust torus time lag

Resolving the Properties of
Dust and Stellar
Populations of Nearby
Galaxies with the Hubble
Space Telescope

Spectroscopy of red
Quasars

Suk Joo Ko defending his Master Thesis. Image Credit: DAWN
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Meet the Cosmic Dawn Team



Staff and students

Sune Toft

Center Director

Fynbo

Section Leader

Charles
Steinhardt

Associate
Professor

Gabriel Brammer

Associate
Professor

Francesco
Valentino

Assistant
Professor

lary Davidzon

DAWN Fellow

Johan Peter Uldall

Thomas Greve

Center Co-
Director

- Dorte Garde
Nielsen

Darach Jafar
Watson

Associate
Professor

Pascal Oesch

Associate
Professor

Allan Hornstrup

Associate
Professor

Seiji Fujimoto

DAWN Fellow
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| Section Secretary

Guarn E. Nissen

Senior
Coordinator

Helena
Baungaard

Section Secretary

Georgios
Magdis

Associate
Professor

Hans Ulrik
Ngrgaard-Nielsen

Senior Scientist

Peter Jakobsen

Affiliated
Professor

Francesca Rizzo

DAWN Fellow



Steven R.
Gillman

Postdoc

Bo Milvang-
Jensen

Senior
Researcher

Trity
Pourbahrami
International
Associate and
Communications
Consultant

Kristian Finlator

International
Associate

Fabian Walter

International
Associate

Birgitta
Nordstrom
Associate
Professor
Emeritus

Vasily Kokorev

PhD Student

Lijie Liu

Postdoc

Anton Norup
S@grensen

Senior
Researcher

Kate Whitaker

International
Associate

Peter Capak

International
Associate

Luis Colina

International
Associate

John R. Weaver

PhD Student

Clara Giménez
Arteaga

PhD student

Nina
Bonaventura

Postdoc

Peter Laursen

Senior Scientific
Communication
Coordinator

Karina Caputi

International
Associate

Desika Narayanan

International
Associate

Claudia Lagos

International
Associate

Meghana Killi

PhD Student

Malte Brinch

PhD Student



Vadim
Rusakov

PhD student

Magdalena Maria
Otap

MSc Student

Alumni

Carlos Gémez-
Guijarro

PhD

Athanasios
Anatasiou

MSc Student

Simon
Pochinda

MSc Student

Daniel Ceverino

Assistant Professor & DAWN
Fellow

Katriona (Kate) Simone
Mai Landau Gould Vejlgaard
PhD student MSc Student
Albert Sneppen Christian Kragh
Jespersen
BSc Student
BSc Student

Mikkel Isabella
Stockmann Cortzen

PhD PhD

Cecilie S. Christina
Ngrholm Konstantopoulou
MSc Student MSc Student

Suk Jonatan

Joo Ko Selsing

MSc Student Postdoc

Kimihiko Nakajima

Post Doc DAWN Fellow




| )

redit: ESA/Herschel/NASA/JPL-Caltech CC BY-SA
3.0 IGO; Acknowledgement: R. Hurt (JPL-Caltech)




Image Credit: Gabriel Grammer
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Publications



Appendix: DAWN Publications, 01.01.2020—-31.12.2020

Below we have compiled all of the articles in the refereed literature that include one or more
authors from the Cosmic Dawn Center and its international associates. These are items limited to
publication dates between 01 Jan 2020 — 31 Dec 2020 obtained from the comprehensive research
information management system PURE. All of the publications listed in this report have been peer
reviewed and published by the journals indicated in the bibliographic entries. Digital Object
Identifiers (DOIs) are provided for all entries where available. The journals indicated have a variety
of Open Access (OA) policies; a query on these paper DOIs at the Web of Knowledge indicates that

103 articles are currently available with Open Access. Often-used journal names are abbreviated
as:

AJ—The Astronomical Journal

ApJ —The Astrophysical Journal

ApJSS — The Astrophysical Journal Supplements Series

A&A — Astronomy & Astrophysics

MNRAS — Monthly Notices of the Royal Astronomical Society
PASA — Publications of the Astronomical Society of Australia
PASJ — Publications of the Astronomical Society of Japan

PASP — Publications of the Astronomical Society of the Pacific

Image Credit: NASA/JPL—Caltech/K. Gordon, University of Arizona
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DAWN Publications:

1. Abramson, L. E., G. B. Brammer, K. B. Schmidt, T. Treu, T. Morishita, X. Wang, B. Vulcani,
and A. Henry. 2020. “The Grism Lens-Amplified Survey from Space (GLASS) - XIIl. G80OL optical
spectra from the parallel fields.” MNRAS 493 (1): 952-72.
https://doi.org/10.1093/mnras/staa276.

2. Acebron, Ana, Adi Zitrin, Dan Coe, Guillaume Mahler, Keren Sharon, Masamune Oguri,
Marusa Bradac, et al. 2020. “RELICS: A Very Large ( 40”) Cluster LensRXC J0032.1+1808.” ApJ 898
(1): 6. https://doi.org/10.3847/1538-4357/ab929d.

3. Ackley, K., L. Amati, C. Barbieri, F. E. Bauer, S. Benetti, M. G. Bernardini, K. Bhirombhakdi,
et al. 2020. “Observational constraints on the optical and near-infrared emission from the
neutron star-black hole binary merger candidate $190814bv.” A&A 643 (November): A113.
https://doi.org/10.1051/0004-6361/202037669.

4, Akhshik, Mohammad, Katherine E. Whitaker, Gabriel Brammer, Guillaume Mahler, Keren
Sharon, Joel Leja, Matthew B. Bayliss, et al. 2020. “REQUIEM-2D Methodology: Spatially Resolved
Stellar Populations of Massive Lensed Quiescent Galaxies from Hubble Space Telescope 2D Grism
Spectroscopy.” ApJ 900 (2): 184. https://doi.org/10.3847/1538-4357/abac62.

5. Altamura, E., S. Brennan, A. Lesniewska, V. Pintér, S. N. dos Reis, T. Pursimo, J. P. U.
Fynbo, S. Geier, K. E. Heintz, and P. Mgller. 2020. “Serendipitous Discovery of a Physical Binary
Quasar atz=1.76." AJ 159 (3): 122. https://doi.org/10.3847/1538-3881/ab6e67.

6. Appleby, Sarah, Romeel Davé, Katarina Kraljic, Daniel Anglés-Alcazar, and Desika
Narayanan. 2020. “The impact of quenching on galaxy profiles in the SIMBA simulation.” MNRAS
494 (4): 6053-71. https://doi.org/10.1093/mnras/staal169.

7. Bayliss, M. B., M. McDonald, K. Sharon, M. D. Gladders, M. Florian, J. Chisholm, H. Dahle,
et al. 2020. “An X-ray detection of star formation in a highly magnified giant arc.” Nature
Astronomy 4 (February): 159—-66. https://doi.org/10.1038/s41550-019-0888-7.

8. Béthermin, M., Y. Fudamoto, M. Ginolfi, F. Loiacono, Y. Khusanova, P. L. Capak, P.
Cassata, et al. 2020. “The ALPINE-ALMA [CII] survey: Data processing, catalogs, and statistical
source properties.” A&A 643 (November): A2. https://doi.org/10.1051/0004-6361/202037649.

9. Bielby, Richard M., Michele Fumagalli, Matteo Fossati, Marc Rafelski, Benjamin
Oppenheimer, Sebastiano Cantalupo, Lise Christensen, et al. 2020. “Into the Ly jungle: exploring
the circumgalactic medium of galaxies at z 4-5 with MUSE.” MNRAS 493 (4): 5336-56.
https://doi.org/10.1093/mnras/staa546.

10. Bouwens, Rychard, Jorge Gonzalez-Lopez, Manuel Aravena, Roberto Decarli, Mladen
Novak, Mauro Stefanon, Fabian Walter, et al. 2020. “The ALMA Spectroscopic Survey Large
Program: The Infrared Excess of z = 1.5-10 UV-selected Galaxies and the Implied High-redshift Star
Formation History.” ApJ 902 (2): 112. https://doi.org/10.3847/1538-4357/abb830.
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11. Bowler, R. A. A., M. J. Jarvis, J. S. Dunlop, R. J. McLure, D. J. McLeod, N. J. Adams, B.
Milvang-Jensen, and H. J. McCracken. 2020. “A lack of evolution in the very bright end of the
galaxy luminosity function from z = 8 to 10.” MNRAS 493 (2): 2059-84.
https://doi.org/10.1093/mnras/staa313.

12. Bravo, Matias, Claudia del P. Lagos, Aaron S. G. Robotham, Sabine Bellstedt, and Danail
Obreschkow. 2020. “From rest-frame luminosity functions to observer-frame colour distributions:
tackling the next challenge in cosmological simulations.” MNRAS 497 (3): 3026-46.
https://doi.org/10.1093/mnras/staa2027.

13. Cassata, P., L. Morselli, A. Faisst, M. Ginolfi, M. Béthermin, P. Capak, O. Le Fevre, et al.
2020. “The ALPINE-ALMA [ClI] survey. Small Ly-[ClI] velocity offsets in main-sequence galaxies at
4.4 z 6.” ARA 643 (November): A6. https://doi.org/10.1051/0004-6361/202037517.

14. Collacchioni, Florencia, Claudia D. P. Lagos, Peter D. Mitchell, Joop Schaye, Emily
Wisnioski, Sofia A. Cora, and Camila A. Correa. 2020. “The effect of gas accretion on the radial gas
metallicity profile of simulated galaxies.” MINRAS 495 (3): 2827-43.
https://doi.org/10.1093/mnras/staal334.

15. Cortzen, Isabella, Georgios E. Magdis, Francesco Valentino, Emanuele Daddi, Daizhong Liu,
Dimitra Rigopoulou, Mark Sargent, et al. 2020. “Deceptively cold dust in the massive starburst
galaxy GN20 at z 4.” A&A 634 (February): L14. https://doi.org/10.1051/0004-6361/201937217.

16. Cullen, F., R. J. McLure, J. S. Dunlop, A. C. Carnall, D. J. McLeod, A. E. Shapley, R. Amorin, et
al. 2020. “The VANDELS survey: a strong correlation between Ly equivalent width and stellar
metallicity at 3 z 5.” MNRAS 495 (1): 1501-10. https://doi.org/10.1093/mnras/staal260.

17. Davé, Romeel, Robert A. Crain, Adam R. H. Stevens, Desika Narayanan, Amelie Saintonge,
Barbara Catinella, and Luca Cortese. 2020. “Galaxy cold gas contents in modern cosmological
hydrodynamic simulations.” MNRAS 497 (1): 146-66. https://doi.org/10.1093/mnras/staal894.

18. de Ugarte Postigo, A., C. C. Théne, S. Martin, J. Japelj, A. J. Levan, M. J. Michatowski, J.
Selsing, et al. 2020. “GRB 190114C in the nuclear region of an interacting galaxy. A detailed host
analysis using ALMA, the HST, and the VLT.” A&A 633 (January): A68.
https://doi.org/10.1051/0004-6361/201936668.

19. Decarli, Roberto, Manuel Aravena, Leindert Boogaard, Chris Carilli, Jorge Gonzalez-Lépez,
Fabian Walter, Paulo C. Cortes, et al. 2020. “The ALMA Spectroscopic Survey in the Hubble Ultra
Deep Field: Multiband Constraints on Line-luminosity Functions and the Cosmic Density of
Molecular Gas.” ApJ 902 (2): 110. https://doi.org/10.3847/1538-4357/abaa3b.

20. Dessauges-Zavadsky, M., M. Ginolfi, F. Pozzi, M. Béthermin, O. Le Févre, S. Fujimoto, J. D.
Silverman, et al. 2020. “The ALPINE-ALMA [C II] survey. Molecular gas budget in the early
Universe as traced by [C I1].” A&A 643 (November): A5. https://doi.org/10.1051/0004-
6361/202038231.
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21. Donevski, D., A. Lapi, K. Matek, D. Liu, C. Gdmez-Guijarro, R. Davé, K. Kraljic, et al. 2020.
“In pursuit of giants. |. The evolution of the dust-to-stellar mass ratio in distant dusty galaxies.”
A&A 644 (December): A144. https://doi.org/10.1051/0004-6361/202038405.

22. Euclid Collaboration, V. Guglielmo, R. Saglia, F. J. Castander, A. Galametz, S. Paltani, R.
Bender, et al. 2020. “Euclid preparation. VIII. The Complete Calibration of the Colour-Redshift
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23. Faisst, A. L., D. Schaerer, B. C. Lemaux, P. A. Oesch, Y. Fudamoto, P. Cassata, M.
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26. Fogasy, Judit, K. K. Knudsen, G. Drouart, C. D. P. Lagos, and L. Fan. 2020. “SMM
J04135+10277: a distant QSO-starburst system caught by ALMA.” MNRAS 493 (3): 3744-56.
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27. Franco, M., D. Elbaz, L. Zhou, B. Magnelli, C. Schreiber, L. Ciesla, M. Dickinson, N. Nagar, G.
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et al. 2020. “GOODS-ALMA: The slow downfall of star formation in z = 2-3 massive galaxies.” A&A
643 (November): A30. https://doi.org/10.1051/0004-6361/202038312.

28. Franco, M., D. Elbaz, L. Zhou, B. Magnelli, C. Schreiber, L. Ciesla, M. Dickinson, N. Nagar, G.
Magdis, D. M. Alexander, M. Béthermin, R. Demarco, E. Daddi, T. Wang, J. Mullaney, H. Inami, et
al. 2020. “GOODS-ALMA: Using IRAC and VLA to probe fainter millimeter galaxies.” A&A 643
(November): A53. https://doi.org/10.1051/0004-6361/202038310.
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