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Directors’ Statement

Sune Toft — Center Director
(photo taken by Guarn Nissen)

On Christmas day 2021, the Cosmic Dawn Center and the
rest of the world got the best possible scientific present: the
successful launch of the James Webb Space Telescope (JWST)
from the European Spaceport in French Guiana. After years of
careful preparation and multiple delays, a highly anticipated
milestone was finally reached. The perfect launch of JWST
meant that the telescope saved significant amounts of fuel
— fuel that will now be used to extend its lifetime from a
guaranteed five years to potentially beyond a decade.

This is great news for many reasons. For example, there will
be more overlap and synergy with future space telescopes
like the ESA’s Euclid mission and NASA’s Roman Space Telescope. Both telescopes will survey
large parts of the sky to find thousands of the rarest distant galaxies that may hold the key
to understanding galaxy formation but can only be studied in detail by James Webb. There
will also be overlap with the next generation of ground-based telescopes, such as the European
Extremely Large Telescope (ELT), which will nicely complement the infrared observations from
James Webb with observations at optical wavelengths.

Thomas Greve — Center
Co-Director (image obtained
from DTU)

While we would have preferred fewer delays for the JWST, we
at DAWN have taken advantage of the extra time to build up
the infrastructure, expertise and preparatory survey work needed
to lead Cosmic Dawn science from the time the first images are
transmitted to our computers.

Over the last years, DAWN has led the development of the latest
version of the influential COSMOS survey. The culmination of this
work so far was the publication of the new official COSMOS source
catalog, led by DAWN PhD student John Weaver. The catalog
maps the positions, distances and properties of more than one
million galaxies over most of cosmic history. We presented the
catalog to the COSMOS team at an online launch party and made it

immediately available to the world, along with specialized tools to read and analyze it. To date,
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hundreds of scientists have downloaded the catalog and are using it for their future research.
The COSMOS catalog paper is co-authored by 18 DAWN team members ranging from first-year
students to professors who all made important contributions and is thus a textbook example
of what is possible in a center of excellence. It has already been an important component in
winning numerous observing programs with the world’s largest telescopes (including JWST),
and a suite of scientific papers is under review.

We have spent the previous years putting the expertise and experience developed at DAWN (as
part of the COSMOS work) to work on preparing and laying the grounds for a James Webb data
center and source database. The ambition is to homogeneously process data from all DAWN’s
programs as well as from large public surveys together and make the data products and derived
quantities easily accessible to all researchers at the center and to the whole community. This
will ensure maximal scientific exploitation of the James Webb telescope from the beginning and
consolidate DAWN’s position as a world hub for the expected breakthrough. The past year gave
many examples of the scientific excellence that DAWN scientists achieve. Several high-visibility
discoveries, often led by our students and associates, were published in the most impactful
journals.

The launch of JWST created headlines worldwide, including in Denmark, where both local and
national media picked up the story in a big way. With its involvement and leadership of many
JWST programs, DAWN was in high demand by journalists. DAWN scientists made numerous
appearances on TV, radio and print media to explain to the public the fascinating science that
the JWST will do and the Danish involvement in the mission.

Nobody would have enjoyed the launch of JWST more than our dear colleague, Hans Ulrik
Nørgaard-Nielsen, who tragically and unexpectedly passed away on the 3rd of September
2021. For more than 20 years, Hans Ulrik was involved in the James Webb Space Telescope,
specifically the MIRI team. It is in great part thanks to his work that DAWN and Danmark are
heavily involved in the first MIRI science observations. Hans Ulrik looked forward to seeing the
first JWST data of the most distant galaxies. He will be greatly missed.

A key aspect of DAWN’s mission is to attract and develop young scientists who will become
future leaders in the field. We are thrilled to have welcomed several new postdocs and students
to DAWN in the past year. As in previous years, 2021 was a successful year for our young and
early career scientists at DAWN in terms of winning grants. For example, Kasper Heintz won a
Carlsberg Reintegration Fellowship, which will allow him to continue his research at DAWN
on fast radio bursts as tracers of baryons across the cosmic web. Shuowen Jin won a Marie
Curie Fellowship to work on extremely dusty early galaxies at DAWN. Seiji Fujimoto won the
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prestigious NASA Hubble Fellowship, which he will take to the University of Texas at Austin
this fall. Seiji’s achievement is particularly noteworthy in that it is the first time that a postdoc
based in Denmark has won a Hubble Fellowship. Francesco Valentino won the ESO Fellowship
at the European Southern Observatory headquarters in Germany. Congratulations to Kasper,
Shuowen, Francesco, and Seiji!

DAWN is buzzing with excitement over the expected arrival of the first JWST data, which we
have waited and prepared for since the start of the center. 2022 promises to be a monumental
year for DAWN.

Annual Highlights 2021

Galaxies Running out of Gas

One of the great questions in astronomy is how some galaxies, after having spawned billions
of stars at a continuous rate, suddenly cease to form new stars. Since stars are made of gas,
we expect the reason for this quenching to somehow be associated with the galaxies’ gas
supply being exhausted. In the present-day Universe, where galaxies have had billions of years
to slowly use up their gas, this is perhaps less puzzling. But until recently it had not been
confirmed observationally in the early Universe, where galaxies have had much less time to
evolve.

We were therefore excited to report the detection of a small sample of galaxies, seen as far back
in time as 10–12 billion years ago, which are clearly seen to have run out of gas. The study,
led by Kate Whitaker, specifically targeted galaxies lying behind massive galaxy clusters, the
immense gravity of which helps magnify their light.

What physical processes led to the depletion of gas is still unknown. But with the recent success-
ful launch of the James Webb Space Telescope, we are optimistic that follow-up observations
will reveal the cause for the early quenching of galaxies.

Supernova Déjà Vu

One of the galaxies from Whitaker’s study is seen as a huge, red arc circumscribing a foreground
cluster (see the figure on the adjacent page). The odd shape arises because the light from the
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galaxy follows different paths around the cluster. While co-authors Gabriel Brammer and Sune
Toft were inspecting the image, taken with the Hubble Space Telescope in 2016, they noticed a
little red dot. Curiously, the dot was missing from images of the same field, taken three years
later.

The dot — or rather dots, because it is seen in three different places on the sky due to the
lensing effect — turned out to be a supernova; the death explosion of a star that ended its life
over 10 billion years ago. With a physical model of the gravitational field of the galaxy cluster,
they were able to make a remarkable prediction:

In addition to the three images appearing in 2016, the light should also take on a fourth and
slightly longer path, resulting in the reappearance of the supernova in 2037. More than just a
curiosity, the exact delay — observed with upcoming facilities such as the 39 meter European
Extremely Large Telescope — will enable us to accurately measure the expansion rate of the
Universe.

This massive galaxy cluster, dubbed MACS J0138, acting as a gravitational lens paved the way for two
astonishing results in 2021: The big, red arc is a distant galaxy that stopped forming new stars due to the
lack of gas. In addition to leading to this clue on the reason for early quenching, it hosted a supernova that
was detected in three places in 2016 and is predicted to appear again in 2037 (±a few years). Credit: S.
Rodney (U. of S. Carolina), G. Brammer (DAWN), J. DePasquale (STScI), P. Laursen (DAWN).
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Hiring Plan

In 2021 we welcomed two new tenured Associate Professors to DAWN’s core group in Denmark.
Charlotte Mason arrived in August, started her tenure and established her Villum Young
Investigator group. Pascal Oesch joined us in January on a 20/80% split position with Geneva.
It is also with great pride that we announce DAWN’s Co-Director Thomas Greve was appointed
a full professor at DTU Space.

Recruitment & Gender Strategy

In spite of the COVID 19 pandemic, DAWN experienced growth in every area throughout our
center. Our recruitment strategy continues to uphold simplicity while focusing on attracting and
recruiting the top candidates from around the globe regardless of gender, ethnicity, or cultural
background. Postdoc and PhD positions are offered yearly through wide, open international
calls with deadlines for applications, rounds of interviews, offers and acceptance deadlines
following the international academic hiring cycle.

In 2021, DAWN hired a total of five postdocs, three female and two male, who are nationals of
Denmark, United States, India, South Korea and China, and arrived from institutes in Denmark,
United States, Spain, United Kingdom, Sweden and Germany. We dedicated our efforts on
hiring outstanding, independent fellows with a broad range of diverse backgrounds to our
flagship DAWN postdoctoral fellowship.

Through our PhD fellowship program, we hired six new PhD students — two female and four
male — from the United Kingdom, Spain, Chile, China, Finland and Taiwan.

Housing of the Center

University of Copenhagen has sublet part of the completed Niels Bohr Building on the north-
west side of Jagtvej where the Cosmic Dawn Center is located. The office spaces are modern
and appealing, but DAWN has already outgrown our allocated space and DAWN eagerly awaits
the result of the institute’s pursuit of more building space. Additional space is urgently needed
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in order to house all the new researchers and long-term guests who are scheduled to arrive
in 2022. Currently access to meeting facilities is also very limited and we look forward to
gaining access to meeting rooms large enough to have talks and social gatherings for the whole
center.

The DAWN center at DTU is located within DTU Space, at the Technical University of Denmark
in Lyngby. All DAWN offices are on the 2nd floor, except for one office on the 1st floor. The
offices are contemporary and welcoming and there is plenty of lounge space available. However,
sufficient office space for long-term visitors — several are scheduled to arrive in 2022 — remains
a challenge. The center shares two spacious meeting rooms with the rest of DTU Space.

The Niels Bohr Building (left) and the DTU Space Building (right)
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Research Integrity

DAWN is committed to the highest levels of research integrity. We continue our commitment
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. DAWN is also committed
to the principles of the FAIR framework for sharing and stewardship of research data, with
procedures to ensure that these data are Findable, Accessible, Interoperable, and Reusable
(Wilkinson et al., 2016). These principles are particularly important for extragalactic astronomy
research that increasingly relies on large surveys and distributed datasets from a wide variety of
space- and ground-based observatories. At DAWN this includes the development of the Cosmic
Dawn Survey and public release of associated data products (Euclid Collaboration et al., 2022)
and a research-ready repository of archival data from the Hubble Space Telescope that enabled,
for example, the Supernova deja-vu” discovery described above (Rodney et al., 2021).

Research Plan

Research Themes & DAWN’s 2021 Discoveries

Last year was the final year without James Webb data, but as the previous years DAWNers
did not lie idle and continued our research in our five main themes of interest: The birth, the
evolution, and the eventual “death” of galaxies, their interior, and their exterior. The following
five sections describe some of the discoveries we published in 2021.

First galaxies

The farther away a galaxy is, the more time its light has spent on its journey toward us. Hence,
to learn about the first galaxies, born a few hundred million years after the Big Bang, we aim to
observe the most distant galaxies.

The current record-holder for the most distant galaxy, observed by DAWN’s Pascal Oesch and
Gabriel Brammer back in 2016 and dubbed “GN-z11”, is seen when the Universe was 400
million years old. That very galaxy became the object of attention last year, not only in the
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astronomical community but also in the public eye, when a team of Chinese astronomers Jiang
et al. (2021) reported the detection of a possible gamma-ray burst, the most violent explosion
in the Universe. The existence of a gamma-ray burst in such early epochs of the history of the
Universe would have major implications for our understanding of its formation timescales.

Alas, a more bland explanation turned out to be much, much more plausible, when Steinhardt
et al. (2021a) demonstrated that the observed burst was at least ten billion times more likely to
be the glare of a piece of space junk one of the more that 100 million pieces of metal debris
orbiting Earth. Shortly after, this conclusion was backed up by a paper by Michalowski et al.
(2021) who identified the piece as the upper stage of a Russian Proton rocket.

An arbitrary collection of (2D) spectra, taken with the MOSFIRE spectrograph on the Keck I telescope in
Hawaii. Roughly one in 1, 000 to 10, 000 — exemplified by the ones marked by a red square — show a
spurious transient flash caused by debris from artificial satellites. The relatively common appearance of this
phenomena demonstrates that a UV flash spotted close to the most distant known galaxy, GN-z11, was most
likely not the earliest gamma-ray burst ever detected, but simply a piece of space junk. Credit: Steinhardt
et al. (2021a).

With the recent successful launch of James Webb, the distance record of GN-z11 is expected to
be broken soon. There are strong theoretical grounds to believe that the first galaxies formed
between 100 and 200 million years after the Big Bang. Naturally, we will be on stranger tides
in this hitherto unexplored epoch. Theoretical predictions are therefore essential, such as the
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ones provided by Steinhardt et al. (2021b) who investigated expected uncertainties and, in
particular, how to deal with them.

Gravitational Lensing

As predicted by Einstein’s theory of relativity,
massive objects such as black holes, galaxies, or
clusters of galaxies warp spacetime to the extent
that they may deflect light. If a massive objects
lies between us and a light source, it can act
as a cosmic lens, distorting and amplifying the
distant source.
This marvelous effect is popular among as-
tronomers studying the distant Universe —
specifically here at DAWN — enabling us to ex-
ploring details not otherwise accessible to us.

Galaxy formation is not an instanta-
neous event, taking place at a specific
moment. Rather, it is a continuous
build-up of large systems from smaller
clumps. We have yet to discover a truly
primordial collection of stars, but we
are continuously pushing the limits. To
detect some of the first galaxies, the
Atacama Large Millimeter Array — an
array of radio telescopes in the Chilean
desert — has proved very successful,
among other things enabling us to ac-
curately determine the temperature of
dust (Bakx et al., 2021), and — with
the aid of gravitational lensing (see in-
formation box above) — perform extremely high-resolution observations of the interstellar gas
(Fujimoto et al., 2021), both in galaxies seen less than a billion years after the Big Bang.

Galaxies form and grow by accreting gas from the surrounding intergalactic medium. But in
order to condense, that gas must cool, or else the gas particles will be too energetic, and escape.
In this cooling process, the gas is expected theoretically to emit a certain kind of ultraviolet
light called “Lyman-α”. Typically, the emitted Lyman-α will be dominated by star formation
rather than cooling, but Kimock et al., 2021 demonstrated, using high-resolution computer
simulations, that every massive galaxy should go through such a phase, and that fluctuations in
both processes can sometimes make the effect of cooling comparable to that of star formation.

The emitted Lyman-α cooling radiation is, however, after all very faint, and has yet to be
convincingly verified, observationally. Nevertheless, using one of the world’s largest telescopes,
Keck I at Mauna Kea, Hawai’i, Daddi et al., 2021 presented the observations of Lyman-α
radiation from three filaments of gas, one million lightyears across, accreting onto a galaxy
group in the early Universe. Although other interpretations are possible, the authors argued that
the most plausible explanation is indeed the long-sought-after Lyman-α cooling radiation.
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Image of the galaxy cluster RXCJ0600-2007 taken by the NASA/ESA Hubble Space Telescope, combined with
gravitational lensing images of the distant galaxy RXCJ0600-z6, 28 billion lightyears away, observed by
ALMA (shown in red). Due to the gravitational lensing effect by the galaxy cluster, the image of RXCJ0600-z6
was intensified and magnified, and even appeared to be divided into three or more parts. This allowed Seiji
Fujimoto and his collaborators to detect galaxies that were seen to be rotating already when the Universe
was 7% of its current age. Credit: ALMA (ESO/NAOJ/NRAO), Fujimoto et al., NASA/ESA/HST.

Three filaments of gas accreting from intergalactic space onto a central galaxy group and emitting Lyman-α
radiation, likely from cooling (Daddi et al., 2021).
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Galaxy Evolution

As outlined above, galaxy formation and galaxy evolution are not two distinct phases, overlap-
ping considerably. Describing how galaxies evolve is different from most other evolutionary
studies, in that a given galaxy will never be seen to evolve: The involved timescales are simply
too long for humans, typically occurring over some 100 million years.

Observationally, astronomers then take on a more statistical approach: Gifted with the unique
ability to look back in time, we can study the “average” physical properties of a large sample of
galaxies at a given epoch in the history of the Universe, and compare these properties to those
of the large sample of galaxies, observed during another epoch.

One such study was led by DAWN PhD student Mikkel Stockmann, who investigated how
massive galaxies that had all stopped forming stars — so-called quenched galaxies, discussed
in the next section — evolved from 10 billion years ago, till today (Stockmann et al., 2021).
From this study we learned how the progress is a mixture of “passive” evolution due to internal
processes, and “active” evolution due to accretion of smaller galaxies.

A popular diagnostic when studying galaxies are distribution functions, describing how some
quantity such as galactic masses or luminosities is distributed. That is, how many small/faint
galaxies there are, vs. how many massive/bright galaxies. This tool was used by Stefanon et al.,
2021a to show how the ratio between the stellar mass and the dark matter mass does not evolve
significantly in the first billion years of their lives, and by Bouwens et al., 2021 to investigate
the evolution in luminosities. Such studies take a lot of effort in making sure that the methods
used to detect and select the various populations of galaxies do not result in non-comparable
samples.

Gravitational lensing allowed Caputi et al., 2021 to analyze rapidly growing galaxies in the
early Universe, as well as Rizzo et al., 2021 to conclude that galaxies in the early Universe
are much less turbulent than expected and predicted by models. More locally, Rusakov et al.,
2021 studied the star formation history in the dwarf galaxy Fornax, showing how bursts of star
formation can be induced by tidal forces each time it comes too close to a massive galaxy.

Quenching — The Death of a Galaxy

Stars are made of gas. The more massive they are, the faster they burn, and the faster they
recycle their gas to the “interstellar medium”, the extremely dilute space between the stars in a
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galaxy. Some galaxies, like our own Milky Way, are able to continuously form new stars for
billions and billions of years. Others, however, at some point almost completely cease to form
new stars.

Why is this? What makes them stop? Which physical processes are responsible, and when and
how fast does it happen? A clear answer to at least some of these cosmic deaths was given by
Whitaker et al., 2021a who showed that six galaxies in the early Universe had simply run out of
gas; they had been quenched. What made them lose their gas is still an open question e.g. was
it exhausted, or was blown out by an active galactic nucleus (see information box below) but
the galaxies were further analyzed by Man et al., 2021 who showed that the process must have
been very fast (cosmologically speaking). The observations were facilitated by gravitational
lenses, one of which allowed Rodney et al., 2021 to predict the appearance of a supernova
explosion in the year 2037.

To come closer to a theory of how gas is depleted, Magdis et al., 2021 quantified how the
fraction of gas in such quiescent galaxies evolves. Interestingly, the conditions for quenching
seem to be rather universal across most of the history of the Universe.

Active Galactic Nucleus

In the center of most galaxies reside so-called “supermassive
black holes” — black holes millions or billions times as massive
as our Sun.
From time to time, gas or even stars whirl into these black
holes. In this process, some of the matter will avoid its bleak
destiny, instead being expelled as extremely energetic particles
and radiation. These systems are called active galactic nuclei,
and they may have a profound impact on the rest of the galaxy
and its surroundings.

On the theoretical side,
clues to the quenching
of galaxies came from
Whitaker et al., 2021b,
who predict that qui-
escent galaxies should
have a much higher ra-
tio between the masses
of molecules and dust; a
prediction which can be
tested in the near future.
In another suite of simu-
lations, Nelson et al., 2021 show that galaxies may be quenched in an inside-out manner by the
energetic feedback of active galactic nuclei.

The Interstellar Medium — Dust and Gas Between the Stars

As described above, the space between the stars is not completely empty, but filled with an
extremely dilute mixture of atoms, molecules, and dust. This so-called interstellar medium
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plays a pivotal role in both the formation, evolution, and death of galaxies, and is hence crucial
to study and understand.

In a large sample of galaxies, Gillman et al., 2021 showed how the amount of heavy elements
in the gas decreases with distance from the center of a galaxy, and how this relation evolves
with time. Meanwhile, Valentino et al., 2021 studied the effect that active galactic nuclei may
have on the gas and dust, finding e.g. that a large fraction of the infrared light from a galaxy
may be due to the dust being heated by the active galactic nuclei.

The most abundant element in the Universe is hydrogen. Detecting hydrogen becomes impossi-
ble with current telescopes, however, once a galaxy is too far away. Instead, we may rely on
observations of “proxies” such as carbon monoxide (CO), as explored by Heintz et al., 2021a.
That is, observing light from CO tells us how much hydrogen there is. In even more distant
galaxies, this becomes problematic as well, but in a novel approach, Heintz et al., 2021b found
a promising similar proxy, namely ionized carbon.

Indeed, observing in details the interstellar medium in the most distant galaxies is challenging,
but with the help of our pet tool, gravitational lensing which magnified a galaxy 28 billion
lightyears away by a factor of around 100, Fujimoto et al., 2021 were able to resolve the fine
details of the galaxy’s interior. In this way they showed that the relation seen today in the local
Universe between star formation and light emitted from carbon, seem to hold true also in the
early Universe, meaning that we can use this relation to probe star formation in the distant
Universe.

Analyzing the contents and the evolution of the interstellar medium requires sophisticated
physical models. A promising tool for this task was developed by Kokorev et al., 2021 in the form
of a publicly available computer code, to be used by the whole astronomical community. The
authors demonstrate the use of the code by analyzing the dust mass distribution of galaxies.

In a similar FAIR spirit, Narayanan et al., 2021 published a code for simulating how light
propagates through the dusty interstellar medium of simulated galaxies, and applied the code
to study the relationship between galaxies’ star formation and infrared luminosity.

Reionization — The Universe Becomes Transparent

Until the first stars and galaxies were formed, the Universe was neutral, meaning that all atoms
had a number of negative electrons that matched the number of positive protons in their nuclei.
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Three different views of a simulated galaxy, constructed from the ultraviolet, visible, and infrared light
escaping through the interstellar dust cloud, calculated using the radiative transfer code POWDERDAY

(Narayanan et al., 2021).

The first stars are believed to have been extremely massive, and to emit an abundance of highly
energetic, ultraviolet photons. However, as soon as such a photon encounters a neutral atom it
will be absorbed, severely obstructing observations of the first galaxies.

The energy of the absorbed ultraviolet photon ejects the atom’s electron, so that the atom is
now electrically charged — a process called ionization. Shortly after the onset of star formation,
ejected electrons soon met and recombined with positive nuclei, virtually making the Universe
opaque to radiation. Nevertheless, the combined ultraviolet light from copious amounts of
young galaxies were able to ionize more and more of the Universe, eventually transforming
the intergalactic space into a transparent plasma. This process is called reionization, since in
fact the gas had been ionized before, during the first few hundred thousand years after the Big
Bang.

The exact conditions, duration, time, and progression of this global transition are currently
unknown. We know that it ended roughly 900 million years after the Big Bang, but not exactly
when it started. Much of our knowledge about this epoch comes from simulations which predict
the early formation of stars and galaxies. Most such simulations do not take into account the
fact that most stars are in fact born in pairs. The effect of such binary stars was investigated by
Doughty and Finlator, 2021, who found that binary stars cause reionization to complete earlier
and faster than without those stars.

Dust in galaxies is created from heavy elements, which were not present in the very first
galaxies. However, some galaxies seen in the epoch of reionization are already dusty. In fact,
some are so dusty that all their visible light is absorbed, making them basically invisible. How
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do we know, then? Using the Atacama Large Millimeter Array, Fudamoto et al., 2021 reported
the detection of radio waves from two galaxies that were non-detected in visible light. These
observations implied that as much as one in five galaxies in the epoch of reionization may be
concealed by dust.

Radio observations of galaxies is a promising way to circumvent the opaqueness of the Universe
in the epoch of reionization, since this radiation is not energetic enough to ionize gas and hence
be absorbed. In this way, Uzgil et al., 2021 investigated the emission from ionized carbon in
galaxies seen in the end of the epoch of reionization, while Jarugula et al., 2021 reported the
hitherto most distant detection of water.

The “REBELS-29” field of galaxies, observed with the Hubble Space Telescope. In the upper box, no galaxies
are seen, but observing the same field with the ALMA observatory revealed a galaxy completely invisible in
the optical. Fudamoto et al., 2021 show how these observations imply that around one in five galaxies in
the early Universe may be hidden by dust. Credit: HST/NASA/ESA/Fudamoto et al.
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The Status of the James Webb Space Telescope
By Peter Laursen

“Décollage. . . Liftoff. . . from a tropical rainforest to the edge of time itself.”

With these somewhat gaudy, yet powerful words from NASA mission commentator Rob Navias,
the Cosmic Dawn Center and the rest of the astronomical community could finally heave a sigh
of relief when our flagship, the James Webb Space Telescope, was launched into space from
French Guiana in an Ariane 5 rocket on Christmas Day 2021.

Technical challenges, new safety precautions, reduced personnel, and the Covid-19 pandemic
delayed the process for years. By the end of 2021, deferrals came almost on a day-to-day
basis, unfortunately obstructing a planned public live-streaming and press conference in the
Planetarium.

The last picture ever of James Webb, taken by a
camera mounted on the Ariane 5 rocket lifting
Webb into space.

Unlike the famous Hubble Space Telescope, which
is orbiting Earth only 540 km above our heads and
has hence been visited for service several times,
James Webb was sent to a region in space known as
“L2”, 1.5 million kilometers from Earth! Moreover,
because of its huge mirror, the telescope had to be
folded inside the nose of the spacecraft. This made
the launch and the subsequent deployment even
more suspenseful, with over 300 individual steps
that could go wrong.

Nevertheless, our anticipation was more than fulfilled when the launch turned out to be highly
“nominal” — astronomers’ jargon of the best possible outcome. Thanks to a perfect trajectory
insertion, the telescope correction boosters used a minimal amount of fuel. And when finally, a
month after the launch, the telescope arrived at L2, the telescope only had to correct its speed
by 1.6 m/s; a mere walking pace. To avoid drifting away from L2, Webb will occasionally need
to adjust its orbit a little, using its boosters. Webb’s instruments are built to last at least five
years, with the hope of ten, and it therefore carried fuel for ten years. However, Webb’s nominal
launch left enough fuel to potentially extend its life to 20 years, provided the instruments last
longer than expected.
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DAWN’s Thomas Greve and Peter Laursen com-
menting on the launch and the anticipated
science of the James Webb Space Telescope in
TV2’s Go’ Morgen Danmark and DR TV’s news,
respectively.

The many postponements did not put off the public
interest, and our December calendar was booked
with daily interviews in tv, radio, newspapers, and
other media.

Current status

James Webb is built to observe infrared light, also
known as “heat radiation”. The need for being as
cold as possible is the prime reason James Webb
was expatriated to L2, lest its beautiful images
would drown in Earth’s heat. This is also the reason
why Webb carries a sunshield the size of a tennis
court. The last of Webb’s four instruments, the
mid-infrared camera and spectrograph MIRI, has
recently cooled sufficiently to reach its target tem-

perature; whereas the three other instruments, NIRSpec, NIRCam, and NIRISS, cooled passively
to some 40 degrees above absolute zero, MIRI employs a cryocooler, lowering its temperature
to only 7 K.

James Webb’s mirror consists of 18 hexagonal segments. Over the course of several months,
these segments have been aligned to focus the telescope; a procedure which involves moving
and warping each segment micrometer by micrometer. The next two months will be spent
calibrating the instruments until, by 27 June (as recently announced by STScI), we should be
able to start using the telescope for science.

Scientific prospects

The scientific objectives of the telescope are multifarious: Because infrared light more easily
penetrates the dusty clouds where stars are born, we will be able to peer through these clouds
and learn about star formation in their very early stages. Meanwhile, a variety of molecules
in the atmospheres of exoplanets absorb light from their mother stars at various infrared
wavelengths, allowing us to search for life-favorable environments.
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More appealing to DAWN, however, is the prospects of enlightening us about galaxies, in
particular how the very first galaxies formed and evolved. Because we look further back in time
the farther we look out in space, finding galaxies in their infancy entails detecting the most
distant ones. As light travels through the expanding Universe it slowly turns redder, a process
known as redshift. Light from the most distant galaxies is shifted all the way into the infrared
wavelength region. With its amazing sensitivity, James Webb will reveal galaxies in hitherto
unexplored epochs in the history of the Universe, possibly even some of the very first galaxies
and stars.

The Cosmic Dawn Center is involved in many observational programs dedicated to investigating
galaxies in the early Universe; in fact we are participating in over a third of all programs during
the first year of observations with James Webb. Some programs target already known galaxies
in order to analyze their interior and physical conditions in great detail. Others more blindly
search regions of the sky with exposure times of hundreds of hours, unveiling progressively
fainter and more distant sources with time, with the aim of painting a coherent picture of how
the galaxies evolve in the earliest phases of their lives. Yet other programs intend to study the
effect that galaxies have on the Universe as a whole, namely to probe the so-called Epoch of
Reionization (see p. 18).

In their entirety, the programs that we will carry out with James Webb — as well as the
discoveries we will certainly make but have not even had the imagination to predict — will
teach us wonders about the cosmos that will absolutely make the delays worth waiting for, as
we peer back to the edge of time itself.

Transitions
By Isabella Cortzen

I have always been fascinated by Astronomy since I was a child. When the moment to choose a
university education after high school came, it was just a natural decision to pursue a degree in
astrophysics at the Niels Bohr Institute.

After Bachelor’s and Master’s theses on astrophysical topics, my curiosity kept me motivated
to explore the Cosmos: thus, I decided to enroll for a Ph.D. at the Cosmic Dawn Center at
the University of Copenhagen. In 2020, I finally obtained my Ph.D. under the supervision of
Profs. Georgios Magdis and Sune Toft with a research project focused on the properties of the
interstellar medium of galaxies. I was very happy to have achieved this important milestone in
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my life with the support of my supervisors and the whole Dawn crew. This effort also earned
me recognition from the Instrument Center for Danish Astrophysics (IDA) that awarded my
thesis the annual “Ph.D. prize in Astronomy” in 2020.

A few months after defending my thesis, I accepted a position as a postdoctoral researcher
at the Institut de Radioastronomie Millimétrique (IRAM) and moved to Grenoble (France) to
work on a large project aimed at investigating the nature of bright submillimeter galaxies in
the Herschel fields. It was a growing experience and I had to face new challenges, such as
working on a completely new research project independently and learning how to operate a
large interferometer: a collection of 12 radio antennas simultaneously observing the sky from a
plateau on the French Alps!

Isabella Cortzen, a DAWN PhD Grad-
uate currently a data-analyst working
for the danish police force.

Although I am very grateful for the opportunities I was
given at DAWN and IRAM and thankful for the experiences,
I began asking myself whether an academic career was
the right choice for me. While I enjoyed the stimulating
environment of academic research, the curiosity that drives
it, and being part of large international collaborations, I
realized that it has always been a dream of mine to work
within a field that can leave a positive and concrete imprint
on the world.

In 2021, I thus decided to leave the academic world to
pursue a career as a data analyst at the Police Department
in Copenhagen, where I have been able to apply many of
the skills I have achieved as a researcher to help create a
safer society. In my current position, I provide analyses
of complex data ranging from crime forecasting to opti-
mizing case management for various sections within the
organization.
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James Webb Working Group Meetings at the Cosmic Dawn Center
By Victoria Strait

Segment Identification Mosaic, image ob-
tained from the Canadian Space Agency

The James Webb working group at the Cosmic Dawn
Center is a regular meeting of faculty, postdocs, and
graduate students who are interested in data from
the recently launched James Webb Space Telescope
(JWST). The main goals of the group are to work on
both reduction of data and common science goals with
public and proprietary data from JWST. In addition to
our individual science goals, we would like to host a
central repository for all public JWST data, reduced
by us, for the purposes of doing high redshift galaxy

science. The entire group meets biweekly to discuss progress, both on the scientific front
and on JWSTs commissioning (see first alignment image to the left). Three instrument-
specific subgroups (NIRCam/NIRISS, NIRSpec, and MIRI) meet separately for more technical
discussions. At present, the groups are developing plans for answering science questions with
JWST data as well as using simulated data to practice running data reduction techniques and
setting up analysis tools for when the real data arrives.

Weekly Working Group Meeting for Progress Report
By Seiji Fujimoto

Since its launch, DAWN has produced numerous results, attracting people all over the world,
and increasing the number of attractive students, postdocs, and senior researchers. Moreover,
there are 7 DAWN associate members in overseas countries who are top-ranked researchers in
the fields and closely collaborate with researchers at DAWN.

Under these circumstances, we started weekly working group meetings in November last year.
The meetings aim at understanding the current trends in cutting-edge research being led by
DAWN’s top researchers as well as providing a platform for students to get extensive feedback
on their current research from experts at DAWN. Every week, we learn about the latest research
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results happening around the world, discuss new proposals and project ideas, and foster new
collaboration schemes.

The DAWN Journal Club
By Peter Laursen

Each day, more than 50 new articles on astronomy alone appear on the preprint server arXiv,
over 25% of which is in the field of galaxies. It is custom to upload one’s papers here around
the same time as they are submitted to, or accepted by, a scientific journal. With such a high
number of papers, keeping up with the literature is a challenging task.

To this end we try to “share the load” by taking turns on reading papers and report the contents
to each other: Every Monday we meet (in person when circumstances permit) and discuss two
recent papers. One DAWNer acts as the “moderator”, which involves identifying in advance
two papers relevant to DAWN’s research, finding two DAWNers to present these papers (in time
for them to prepare), and moderating the presentation and subsequent discussion during the
Journal Club session.

DTU Astronomy & Atmospheric Physics Seminars
By Steven Gillman

Around one-third of DAWN researchers are based at DTU-Space, as part of the Astronomy &
Atmospheric Physics (A&A) group which embodies astronomers, physicists, and space engineers.
To interconnect these different research areas, in late 2021 we initiated a monthly seminar
series at DTU for both A&A members and the wider Copenhagen astronomy community.

The seminars are given by well-established leading experts in their research field, covering all
areas of astronomy, from galaxy evolution to exoplanets. For 2022 we have a full schedule of
speakers from January through June, see the DTU webpage for further details. In the coming
year, covid permitting, the speakers will visit DTU-Space for an in-person seminar, thus further
enabling engagement and collaboration with DAWN researchers.
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DAWN Cake Talks
By Kate Gould

The DAWN “Cake Talks” tradition originally began in 2018 as a chance for visiting researchers
(usually early career) to share their research in a 20 minute talk over cake. One advantage of
the pandemic is that researchers are able to give talks remotely, and the DAWN Cake Talks are
now held weekly, with speakers from all over the world.

In 2021, DAWN held 29 talks, 18 of which were by speakers outside of DAWN. Speakers from
16 institutes, in 7 different countries, on 3 continents, visited DAWN virtually and in person
to talk about their research. One special Cake Talk slot was used for the DAWN-IRES student
symposium, where 5 visiting students from the USA presented their work from the summer.

Recently, we have opened the Cake Talks for self-nomination via google form as well as
nomination by researchers at DAWN. This is advantageous not only for early career researchers
outside of DAWN to share their research, but also for DAWN to increase its global reach and
forge new connections. This has been highly successful so far, with 39 speakers nominated in
the first call.

Inclusion, Diversity and Equity Meetings
By Francesca Rizzo

The Inclusion, Diversity and Equity (InDiE) Session is an initiative led by young researchers
from the Cosmic Dawn Center and DARK that is open to researchers at any career stage who are
interested in making positive changes in their workplace by using an intersectionality approach.
Meeting twice a month, the InDiE meeting aims to share resources and promote conversations
that help us become aware of the long history of inequity and discrimination against colleagues
marginalized because of their sex, gender, race, ethnicity, sexual orientation, socioeconomic
or disability status, and more. Participation in this meeting is a small way to inform ourselves
about our biases and the shortcomings of the academic culture. At present, the InDiE sessions
are hybrid. We also hold a monthly meeting where we present and discuss a peer-reviewed
paper and a monthly seminar where external speakers describe potential solutions to make a
more inclusive workplace. The seminar topics that have been discussed in the last semester are
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the following: impact of astronomy on climate change, mental health in academia, gender and
unconscious bias.

This is the result of one of the activities during which after discussing the Woolston (2021), we
answered the question: “Which are the negative impacts of precarity?”

References
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Where the Earth Meets the Sky — DAWN Promoting the Transfer of
Innovative Methods Across Scientific Boundaries.
By Iary Davidzon

This inter-disciplinary workshop took place in May 2021, counting more than 140 registered
participants. The goal was to bring together researchers from Astrophysics and Medical/Public
Health Sciences, to discuss the statistical and machine learning methods that are transforming
both fields.

At a first glance, these two domains may seem disconnected from each other, as one focuses
on problems affecting our planet while the other explores the deepest secrets of the universe.
However, those issues are studied within an incredibly similar scientific framework: in particular,
the analysis of big and complex data (digital telescope images, large galaxy surveys, etc. versus
digital X-ray/MRI images, medical records surveys, etc.) by means of innovative statistical
and machine learning methods. An interdisciplinary approach, as the one promoted by this
workshop, is crucial to accelerate the pace of discoveries and extend the reach of scientific
innovations.

A grant in the amount of 115,000 kr. was obtained from the NovoNordisk Foundation to fund
the expenses of invited prestigious international speakers to Copenhagen. Unfortunately Covid
regulations forced the workshop to go fully online, and the speakers gave their talks via Zoom.
Despite the limitations of virtual interaction, Where the Earth meets the Sky was a successful
occasion of “cross-pollination”, engaging both junior and senior researchers with very different
backgrounds and from all over the world.
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Courses & Summer Schools

LEVEL TITLE OF ACTIVITY ECTS

BSC Extragalactic Astrophysics 7.5

BSC Foundations of Astrophysics 7.5

BSC Supervision of 7 first year projects N/A

BSC Introduction project 5

BSC Experimental Physics 7.5

BSC Ingeniørarbejde i Geofysik og Rumteknologi 10

BSC Astrophysics 5

MSC Galactic Dynamics and Galaxy Formation 5

MSC Observational Astrophysics 7.5

MSC Gravitational Dynamics and Galaxy Formation 7.5

MSC Astrophysical Data Analysis 5

MSC Scientific Computing 7.5

MSC Astronomical Data Processing 7.5

MSC Applied Statistics - From Data to Results 7.5

Courses

TITLE OF ACTIVITY

Summer School in Observational Astrophysics

IRES-DAWN Summer Program

SURF Summer School

Summer Schools
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MSc graduate Meghana Killi (middle-right) with her supervisors Gabriel Brammer (left), Darach Watson
(middle-left) and her examinator Thomas Greve (right).

MSc graduate David Blanquez-Sese (middle) with his supervisors Georgios Magdis (left) and Iary Davidzon
(right).
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ALMA Discovers Rotating Infant
Galaxy with Help of Natural Cosmic
Telescope
22 April, 2021 / Read time: 8 minutes

Scientific Paper

Using the Atacama Large Millimeter/submillimeter Array (ALMA),

astronomers found a rotating baby galaxy 1/100th the size of the

Milky Way at a time when the Universe was only seven percent of its

present age. Assisted by the gravitational lens e!ect, the team was

able to explore for the first time the nature of small and dark “normal

galaxies” in the early Universe, representative of the main population

of the first galaxies, which greatly advances our understanding of the

initial phase of galaxy evolution.

“Many of the galaxies that existed in the early Universe were so small

that their brightness is well below the limit of the current largest

telescopes on Earth and in Space, making di"cult to study their

properties and internal structure,” says Nicolas Laporte, a Kavli Senior

Fellow at the University of Cambridge. “However, the light coming

from the galaxy named RXCJ0600-z6, was highly magnified by

gravitational lensing, making it an ideal target for studying the

properties and structure of a typical baby galaxies.”

Gravitational lensing is a natural phenomenon in which light emitted

from a distant object is bent by the gravity of a massive body such as

a galaxy or a galaxy cluster located in the foreground. The name

“gravitational lensing” is derived from the fact that the gravity of the

massive object acts like a lens. When we look through a gravitational

lens, the light of distant objects is magnified and their shapes are

stretched. In other words, it is a “natural telescope” floating in space.

The ALMA Lensing Cluster Survey (ALCS) team used ALMA to search

for a large number of galaxies in the early Universe that are enlarged

by gravitational lensing. Combining the power of ALMA, with the help

of the natural telescopes, the researchers are able to uncover and

study fainter galaxies.

Why is it crucial to explore the faintest galaxies in the early Universe?

Theory and simulations predict that the majority of galaxies formed

few hundred millions years after the Big-Bang are small, and thus

faint. Although several galaxies in the early Universe have been

previously observed, those studied were limited to the most massive

objects, and therefore the less representative galaxies in the early

Universe, because of telescopes capabilities. The only way to

understand the standard formation of the first galaxies, and obtain a

complete picture of galaxy formation, is to focus on the fainter and

more numerous galaxies. 

The ALCS team performed a large-scale observation program that

took 95 hours, which is a very long time for ALMA observations, to

observe the central regions of 33 galaxy clusters that could cause

gravitational lensing. One of these clusters, called RXCJ0600-2007, is

located in the direction of the constellation of Lepus, and has a mass

1000 trillion times that of the Sun. The team discovered a single

distant galaxy that is being a!ected by the gravitational lens created

by this natural telescope. ALMA detected the light from carbon ions

and stardust in the galaxy, together with data taken with the Gemini

telescope, and determined that the galaxy is seen as it was about 900

million years after the Big Bang (12.9 billion years ago) [1]. Further

analysis of the ALMA and Gemini data suggested that a part of this

source is seen 160 times brighter than it is intrinsically.

By precisely measuring the mass distribution of the cluster of

galaxies, it is possible to “undo” the gravitational lensing e!ect and

restore the original appearance of the magnified object. By combining

data from Hubble Space Telescope and the European Southern

Observatory’s Very Large Telescope with a theoretical model, the

team succeeded in reconstructing the actual shape of the distant

galaxy RXCJ0600-z6. The total mass of this galaxy is about 2 to 3

billion times that of the Sun, which is about 1/100th of the size of our

own Milky Way Galaxy.

What astonished the team is that RXCJ0600-z6 is rotating.

Traditionally, gas in the young galaxies was thought to have random,

chaotic motion. Only recently has ALMA discovered several rotating

young galaxies that have challenged the traditional theoretical

framework [2], but these were several orders of magnitude brighter

(larger) than RXCJ0600-z6.

“Our study demonstrates, for the first time, that we can directly

measure the internal motion of such faint (less massive) galaxies in

the early Universe and compare it with the theoretical predictions”,

says Kotaro Kohno, a professor at the University of Tokyo and the

leader of the ALCS team. 

“The fact that RXCJ0600-z6 has a very high magnification factor also

raises expectations for future research,” explains Seiji Fujimoto, a

DAWN fellow at the Niels Bohr Institute. “This galaxy has been

selected, among hundreds, to be observed by the James Webb

Space Telescope (JWST), the next generation space telescope to be

launched this autumn. Through joint observations using ALMA and

JWST, we will unveil the properties of gas and stars in a baby galaxy

and its internal motions. When the Thirty Meter Telescope and the

Extremely Large Telescope are completed, they may be able to

detect clusters of stars in the galaxy, and possibly even resolve

individual stars. There is an example of gravitational lensing that has

been used to observe a single star 9.5 billion light-years away, and

this research has the potential to extend this to less than a billion

years after the birth of the Universe.”

Notes

[1] The light emitted from carbon ions was originally infrared light with

a wavelength of 156 micrometers, but as the Universe expanded, the

wavelength extended and became radio waves with a wavelength of

1.1 millimeters, which were detected with ALMA. The redshift of this

object is z=6.07. Using the cosmological parameters measured with

Planck (H0=67.3km/s/Mpc, Ωm=0.315, Λ=0.685: Planck 2013 Results),

we can calculate the distance to the object to be 12.9 billion light-

years. (Please refer to “Expressing the distance to remote objects”

for the details.)

[2] Using gravitational lensing, ALMA discovered a rotating galaxy

similar in size to the Milky Way at about 12.4 billion years ago. (Please

refer to the news article “ALMA sees most distant Milky Way look-

alike” issued on August 13, 2020). Also, ALMA discovered a rotating

galaxy from 12.4 billion years ago without using gravitational lensing.

(Please refer to the news article “ALMA Discovers Massive Rotating

Disk in Early Universe.”) 

Additional Information

These observation results were presented in Seiji Fujimoto et al.

“ALMA Lensing Cluster Survey: Bright [CII] 158 μm Lines from a

Multiply Imaged Sub-L* Galaxy at z = 6.0719” in the Astrophysical

Journal on April 22, 2021 (DOI: https://doi.org/10.3847/1538-

4357/abd7ecs) and Nicolas Laporte et al. “ALMA Lensing Cluster

Survey: a strongly lensed multiply imaged dusty system at z > 6” in the

Monthly Notices of the Royal Astronomical Society on April 22, 2021.

This research was supported by the Japan Society for the Promotion

of Science KAKENHI (Grant Number JP17H06130, JP18K03693,

17H01114, 19H00697, and 20H00180）, NAOJ ALMA Joint Scientific

Research Program (2017-06B), European Research Council (ERC)

Consolidator Grant funding scheme (project ConTExt, grant No.

648179, 681627-BUILDUP), ERC under the European Union’s Horizon

2020 research and innovation program (grant agreement No. 669253) ,

Independent Research Fund Denmark grant DFF-7014-00017, Danish

National Research Foundation（No. 140）, the Kavli Foundation, ANID

grants CATA-Basal AFB-170002, FONDECYT Regular (1190818 and

1200495) , Millennium Science Initiative ICN12 009, STFC

(ST/T000244/1) , NSFC grant 11933011, the Swedish Research Council,

and the Knut and Alice Wallenberg Foundation. This work was

partially supported by the joint research program of the Institute for

Cosmic Ray Research (ICRR), University of Tokyo. Data from the

Gemini telescope were obtained via an agreement between the

Association of Universities for Research in Astronomy, Inc. (AURA) and

Ben-Gurion University of the Negev.

The Atacama Large Millimeter/submillimeter Array (ALMA), an

international astronomy facility, is a partnership of the European

Organisation for Astronomical Research in the Southern Hemisphere

(ESO), the U.S. National Science Foundation (NSF) and the National

Institutes of Natural Sciences (NINS) of Japan in cooperation with the

Republic of Chile. ALMA is funded by ESO on behalf of its Member

States, by NSF in cooperation with the National Research Council of

Canada (NRC) and the Ministry of Science and Technology (MOST)

and by NINS in cooperation with the Academia Sinica (AS) in Taiwan

and the Korea Astronomy and Space Science Institute (KASI).

ALMA construction and operations are led by ESO on behalf of its

Member States; by the National Radio Astronomy Observatory

(NRAO), managed by Associated Universities, Inc. (AUI), on behalf of

North America; and by the National Astronomical Observatory of

Japan (NAOJ) on behalf of East Asia. The Joint ALMA Observatory

(JAO) provides the unified leadership and management of the

construction, commissioning and operation of ALMA.

Images

Image of the galaxy cluster RXCJ0600-2007 taken by the NASA/ESA

Hubble Space Telescope, combined with gravitational lensing images of

the distant galaxy RXCJ0600-z6, 12.4 billion light-years away, observed by

ALMA (shown in red). Due to the gravitational lensing e!ect by the galaxy

cluster, the image of RXCJ0600-z6 was intensified and magnified, and

appeared to be divided into three or more parts. Credit: ALMA

(ESO/NAOJ/NRAO), Fujimoto et al., NASA/ESA Hubble Space Telescope

Reconstructed image of the distant galaxy RXCJ0600-z6 by

compensating for the gravitational lensing e!ect caused by the galaxy

cluster. The red contours show the distribution of radio waves emitted by

carbon ions captured by ALMA, and the blue contours show the spread of

light captured by the Hubble Space Telescope. The critical line, where the

light intensity from gravitational lensing is at its maximum, runs along the

left side of the galaxy, so this part of the galaxy was further magnified

(inset image). Credit: ALMA (ESO/NAOJ/NRAO), Fujimoto et al., NASA/ESA

Hubble Space Telescope
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of the first galaxies, which greatly advances our understanding of the
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“Many of the galaxies that existed in the early Universe were so small

that their brightness is well below the limit of the current largest

telescopes on Earth and in Space, making di"cult to study their

properties and internal structure,” says Nicolas Laporte, a Kavli Senior

Fellow at the University of Cambridge. “However, the light coming

from the galaxy named RXCJ0600-z6, was highly magnified by

gravitational lensing, making it an ideal target for studying the

properties and structure of a typical baby galaxies.”

Gravitational lensing is a natural phenomenon in which light emitted

from a distant object is bent by the gravity of a massive body such as

a galaxy or a galaxy cluster located in the foreground. The name

“gravitational lensing” is derived from the fact that the gravity of the

massive object acts like a lens. When we look through a gravitational

lens, the light of distant objects is magnified and their shapes are

stretched. In other words, it is a “natural telescope” floating in space.

The ALMA Lensing Cluster Survey (ALCS) team used ALMA to search

for a large number of galaxies in the early Universe that are enlarged

by gravitational lensing. Combining the power of ALMA, with the help

of the natural telescopes, the researchers are able to uncover and

study fainter galaxies.

Why is it crucial to explore the faintest galaxies in the early Universe?

Theory and simulations predict that the majority of galaxies formed

few hundred millions years after the Big-Bang are small, and thus

faint. Although several galaxies in the early Universe have been

previously observed, those studied were limited to the most massive

objects, and therefore the less representative galaxies in the early

Universe, because of telescopes capabilities. The only way to

understand the standard formation of the first galaxies, and obtain a

complete picture of galaxy formation, is to focus on the fainter and

more numerous galaxies. 

The ALCS team performed a large-scale observation program that

took 95 hours, which is a very long time for ALMA observations, to

observe the central regions of 33 galaxy clusters that could cause

gravitational lensing. One of these clusters, called RXCJ0600-2007, is

located in the direction of the constellation of Lepus, and has a mass

1000 trillion times that of the Sun. The team discovered a single

distant galaxy that is being a!ected by the gravitational lens created

by this natural telescope. ALMA detected the light from carbon ions

and stardust in the galaxy, together with data taken with the Gemini

telescope, and determined that the galaxy is seen as it was about 900

million years after the Big Bang (12.9 billion years ago) [1]. Further

analysis of the ALMA and Gemini data suggested that a part of this

source is seen 160 times brighter than it is intrinsically.

By precisely measuring the mass distribution of the cluster of

galaxies, it is possible to “undo” the gravitational lensing e!ect and

restore the original appearance of the magnified object. By combining

data from Hubble Space Telescope and the European Southern

Observatory’s Very Large Telescope with a theoretical model, the

team succeeded in reconstructing the actual shape of the distant

galaxy RXCJ0600-z6. The total mass of this galaxy is about 2 to 3

billion times that of the Sun, which is about 1/100th of the size of our

own Milky Way Galaxy.

What astonished the team is that RXCJ0600-z6 is rotating.

Traditionally, gas in the young galaxies was thought to have random,

chaotic motion. Only recently has ALMA discovered several rotating

young galaxies that have challenged the traditional theoretical

framework [2], but these were several orders of magnitude brighter

(larger) than RXCJ0600-z6.

“Our study demonstrates, for the first time, that we can directly

measure the internal motion of such faint (less massive) galaxies in

the early Universe and compare it with the theoretical predictions”,

says Kotaro Kohno, a professor at the University of Tokyo and the

leader of the ALCS team. 

“The fact that RXCJ0600-z6 has a very high magnification factor also

raises expectations for future research,” explains Seiji Fujimoto, a

DAWN fellow at the Niels Bohr Institute. “This galaxy has been

selected, among hundreds, to be observed by the James Webb

Space Telescope (JWST), the next generation space telescope to be

launched this autumn. Through joint observations using ALMA and

JWST, we will unveil the properties of gas and stars in a baby galaxy

and its internal motions. When the Thirty Meter Telescope and the

Extremely Large Telescope are completed, they may be able to

detect clusters of stars in the galaxy, and possibly even resolve

individual stars. There is an example of gravitational lensing that has

been used to observe a single star 9.5 billion light-years away, and

this research has the potential to extend this to less than a billion

years after the birth of the Universe.”

Notes

[1] The light emitted from carbon ions was originally infrared light with

a wavelength of 156 micrometers, but as the Universe expanded, the

wavelength extended and became radio waves with a wavelength of

1.1 millimeters, which were detected with ALMA. The redshift of this

object is z=6.07. Using the cosmological parameters measured with

Planck (H0=67.3km/s/Mpc, Ωm=0.315, Λ=0.685: Planck 2013 Results),

we can calculate the distance to the object to be 12.9 billion light-

years. (Please refer to “Expressing the distance to remote objects”

for the details.)

[2] Using gravitational lensing, ALMA discovered a rotating galaxy

similar in size to the Milky Way at about 12.4 billion years ago. (Please

refer to the news article “ALMA sees most distant Milky Way look-

alike” issued on August 13, 2020). Also, ALMA discovered a rotating

galaxy from 12.4 billion years ago without using gravitational lensing.

(Please refer to the news article “ALMA Discovers Massive Rotating

Disk in Early Universe.”) 

Additional Information

These observation results were presented in Seiji Fujimoto et al.

“ALMA Lensing Cluster Survey: Bright [CII] 158 μm Lines from a

Multiply Imaged Sub-L* Galaxy at z = 6.0719” in the Astrophysical

Journal on April 22, 2021 (DOI: https://doi.org/10.3847/1538-

4357/abd7ecs) and Nicolas Laporte et al. “ALMA Lensing Cluster

Survey: a strongly lensed multiply imaged dusty system at z > 6” in the

Monthly Notices of the Royal Astronomical Society on April 22, 2021.
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Images

Image of the galaxy cluster RXCJ0600-2007 taken by the NASA/ESA

Hubble Space Telescope, combined with gravitational lensing images of

the distant galaxy RXCJ0600-z6, 12.4 billion light-years away, observed by

ALMA (shown in red). Due to the gravitational lensing e!ect by the galaxy

cluster, the image of RXCJ0600-z6 was intensified and magnified, and

appeared to be divided into three or more parts. Credit: ALMA

(ESO/NAOJ/NRAO), Fujimoto et al., NASA/ESA Hubble Space Telescope

Reconstructed image of the distant galaxy RXCJ0600-z6 by

compensating for the gravitational lensing e!ect caused by the galaxy

cluster. The red contours show the distribution of radio waves emitted by

carbon ions captured by ALMA, and the blue contours show the spread of

light captured by the Hubble Space Telescope. The critical line, where the

light intensity from gravitational lensing is at its maximum, runs along the

left side of the galaxy, so this part of the galaxy was further magnified

(inset image). Credit: ALMA (ESO/NAOJ/NRAO), Fujimoto et al., NASA/ESA

Hubble Space Telescope
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Sådan her ender livet,

Jorden og Solen og

universet

Jorden er i dag cirka halvvejs i sit liv. Med tiden vil
det gå ned ad bakke for den, og om hundreder af
millioner af år vil planetens liv langsomt dø ud. Til
allersidst vil også universet gå under i en kosmisk
klynken. Vi afrunder serien om naturvidenskab på
den eneste rigtige måde: med afslutningen på det

hele
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Naturvidenskaben forfra

Sådan her ender livet, Jorden og …
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Himlen er prægtig, og dejlig er Jorden, når man står med et

barn og glor op mod Månens blege skive gennem en kikkert

lavet af to sammenlimede toiletruller. Og gennem byens

mørke prikker en stjerne hul i den unge nat med sine

fotonfingre, og en lille smule lys afslutter dér en rejse, der

kan have varet i årtusinder eller det, der er værre.

Så er det let at blive sentimental og bare være et lille

menneske på en stor planet, der i virkeligheden blot er en

lille, oldgammel sten i en stor galakse i et absurd meget

større og ældre univers. Bagude åbner fortiden sit svælg,

svimlende at kigge ned i, men dog betryggende, fordi den

førte frem til dette øjeblik. Ikke som fremtidens djævelske

vifte af mere eller mindre sandsynlige udfaldsrum.

Dog er det den vej, vi skal. Helt konkret og hele tiden,

universelt og globalt: ind i fremtiden. Og altså også mere

jordnært og lokalt lige her i denne artikel, som handler om

de tider, der skal komme og henrulle, indtil universet er

slut.

Vi begynder i nutiden, hvor noget underligt er i gang med

at udspille sig – vi er nemlig begyndt at leve lidt mere i

fremtiden. Det var jo den, som klodens ledere sigtede mod,

da de indgik Parisaftalen om at bremse

klimaforandringerne. Fremtiden i år 2100, hvor

temperaturen på kloden helst kun skal være steget 1,5

grader og allerhøjst to. År 2100 er punktet, som mange af

klimamodellerne simulerer frem imod; fremtiden, som får

demonstranter på gaden og rydder forsider og afgør valg.

At vi kigger så langt frem skyldes, at vi er ved at blive

indhentet af fortiden.

For selv om CO₂-indholdet i atmosfæren nu er det højeste i

mindst 800.000 år, afspejler temperaturstigningerne ikke

endnu det fulde omfang af ændringerne, da opvarmningen

er langsommere end udledningen, og sådan er det hele

vejen ned. Selv om temperaturen alligevel slår rekorder

nærmest hvert år, afspejler polarisen ikke det fulde omfang

endnu. Og selv om sommerisen i Arktis nu fylder mindre,

end den har gjort i 6.000 år, og Grønlands is smelter

hurtigere end i 12.000 år, afspejler havstigningerne endnu

kun en del af forandringerne. Og selv om havet stiger

hurtigere end i årtusinder, er klimaforandringernes store

hjul kun så småt i gang med at dreje.

Konsekvenserne halter efter handlingerne. Mennesket har

sat en masse drivhusgasser i himmelbanken og er sikret en

langstrakt tilbagebetaling i form af ekstremt vejr, tørke,

oversvømmelser, hede og forandrede økosystemer, der i

menneskesamfundene omveksles til svigtende høst,

druknende byer, vandmangel, flygtningestrømme og

forringede levevilkår, der vil række langt ud over dette

århundrede, selv om det er dér, vores politiske horisont for

tiden går.

For tiden er jo ligeglad, og uret tikker videre og videre frem

mod en virkelighed, hvor den verden, vi voksede op i, ikke

længere findes. Selv hvis menneskeheden stoppede med at

udlede drivhusgasser i dag, ville konsekvenserne kunne

mærkes i århundreder eller årtusinder, og det er endog

vældig svært at sige, hvordan kloden vil tage sig ud, når

jordens mange systemer af is og vand og land og liv om

lang, lang tid indhenter atmosfæren.

Tilbage til fremtiden
Et bud på et fremtidsscenarium kan findes ved at kigge

bagud, for rejser man tilbage, hen over hele civilisationen,

hen over istiderne, hen over de første homo sapiens, hen

over et gab, som for os mennesker er ubegribeligt, men for

kloden blot et glimt, så lander man i den geologiske epoke,

der hedder Pliocæn. Her var CO₂-indholdet i atmosfæren

omtrent, som det er i dag, og det var det så lang tid, at

kloden kunne stabilisere sig i den konfiguration.

I denne omtrent tre millioner år yngre verden vandrede

australopithecus – en af menneskets tidligste forfædre –

omkring i Afrika, lavstammede og abelignende og

efterladende sig intet andet end nogle knoglestumper og

forstenede fodaftryk.

Og selv om det næppe kunne rage dem mindre, var deres

klode meget anderledes end vores nuværende, men måske

mere lig vores kommende: Gennemsnitstemperaturen var

dengang 2,5 til 4 grader over det førindustrielle niveau,

som vi nutidsmennesker måler vores temperaturstigninger

op imod, og havene omkring urmenneskernes kontinenter

var svimlende 5-25 meter højere end vores, lyder estimatet

fra FN’s klimapanel, IPPC.

Selvfølgelig er der mange ubekendte i den slags

fremskrivninger, men hvis vi følger et fremtidsspor, hvor

menneskets udledninger holder samme niveau som nu

frem til 2050, før de begynder at falde, så er der middel

sikkerhed for at havne med en klode, der er cirka lige så

varm som dengang – uden dog at kunne sige noget eksakt

om havniveauerne.

Hos FN’s klimapanel ligner fremtidsvejene tentaklerne på

en femarmet blæksprutte, der i bløde buer peger ind i

forskellige fremtider, alt efter hvor meget vi udleder. Den

netop skitserede er den midterste rute, mens de andre

peger ind i fremtider, der er bedre eller meget, meget

værre. Ingen fremskrivninger ender dog med en uforandret

klode.

 
Global overfladetemperaturændring i forhold til
1850-1900

Der findes mange mulige fremtider – her FN's Klimapanels bud på fem
forskellige fremtidsscenarier for klodens temperatur, der igen a!ænger
af menneskets udledning af drivhusgasser. Ingen leder dog til et klima,
som det så ud før industrialiseringen. 

Vor tids største kamp, klimakampen, handler altså om

valget af vej, og er i sidste ende en kamp om skala: Hvor

store og ødelæggende problemerne bliver, er betinget af,

hvilken grad af omstilling og opfindsomhed

menneskeheden er i stand til at mønstre, men det er

sikkert, at vores klode allerede er forandret, og vil

forandres yderligere, og at de skygger, vores skorstene

kaster i dag, rækker langt ind i andre århundreder.

Fremtiden kommer, så meget er sikkert. Og for enden af

fremtiden er en slutning af en slags, ja, faktisk er der

masser af slutninger. Liv ender, arter uddør, bjerge bliver til

sand. Vores klimagasser ender, klodens tøbrud ender,

istiderne ender, og livsbetingelserne, havet og planeten

Jorden går under, ligesom Solen gør det og alle stjerner og

galakser og sorte huller, og så er det efterhånden slut med

al den snak. Men lad os nu tage én ting ad gangen.

Frem til istiden
Det kan være svært at føle noget bånd til de !erne, !erne

generationer, som skal bebo en forandret klode om

tusinder af år. Men selv kender vi den slags tusindårige

bånd intimt, når det gælder fortiden.

Tag bare vores forhold til Antikken, som

videnskabsjournalisten Peter Brannen trækker frem i sin

bog om masseudryddelser The Ends of the World. Vi

studerer filosofien, beundrer arkitekturen og citerer

videnskaben fra dengang, og hvis man virkelig lider af

klimasortsyn og dårlig samvittighed på fremtidens vegne,

kan man projicere sig selv ind i handlingen, når vores

teatre med jævne mellemrum opfører den mere end 2.000

år gamle græske tragedie Medea om en kvinde, der dræber

sine egne børn.

Tænk nu, hvis Antikkens grækere havde udledt ustyrlige

mængder CO₂, så vi ikke blot havde fået deres værker, men

også en underlig og fremmedartet klode foræret, skriver

han i bogen. Hvad ville vi tænke om dem?

Det, vi kalder civilisationen, har udviklet sig siden sidste

istid over godt 10.000 år, hvor klimaet, trods udsving her og

der, har været usædvanligt stabilt. Selv om mennesket over

årtusinderne har ryddet eller udryddet en masse land og

arter, så er det nogenlunde den samme inkarnation af

Jorden, som civilisationens lange kæde af generationer har

beboet.

Fremtidens mennesker kan måske om tusinder af år undre

sig over den !erne, højtudviklede civilisation, der med

åbne øjne valgte at ofre deres fremtid for at brænde fossilt

brændsel af i nuet.

At forestille sig en !ern fremtids menneskehed bliver

hurtigt en øvelse i spekulation, men videnskaben giver os

mulighed for at fremmane fremtiden, hvis vi går et niveau

op og for det indre blik ser Jorden i sin bane om Solen.

Cykliske forandringer i Jordens position i forhold til Solen

har gennem de seneste millioner af år ført til en vekslen

mellem istider og mellemistider. Det er planetære

bevægelser, der ikke ænser århundreder og opererer over

tidsspænd på titusinder og hundredtusinder af år.

Og selv om det er ubegribelige størrelser, er selv så !erne

tider påvirkelige af vores klimaforandringer. Som

klimaforskeren David Archer har anført i sin bog om de

næste 100.000 år, The Long Thaw, er det ikke usandsynligt,

at vores handlinger vil føre til, at kloden springer den istid

over, der skulle ellers skulle have indfundet sig om 50.000

år.

Vandrer mennesket ud ad én af klimafremskrivningens

mere ekstreme ruter og fortsætter med at hælde kul på

fremtidstoget, så kan kloden også hoppe over istiden om

130.000 år. For selv om størstedelen af vores drivhusgasser

bliver optaget i havet og træerne i løbet af århundreder, vil

en del af vores bidrag veksle ind og ud af atmosfæren og

føre til forhøjede niveauer i årtusinder.

Undslippe kan klimagasserne dog ikke i længden. De sidste

rester af vores CO₂-udledning vil over titusinder af år blive

trukket ned på jorden, bundet i stumperne af forvitrende

bjerge, vasket ud i havet, og hvis tingene går, som de plejer,

vil gletsjerne igen vokse, og sådan vil kloden til sidst blive

indhentet af istiden. En skønne dag på en køligere klode vil

planetens cyklusser igen falde sådan, at somrene i nord

bliver ekstra kolde, og så kører isbilen: Vinterens snefald

når ikke nå at tø væk om sommeren, og over mange, mange

år bliver de nordlige landmasser atter dækket af is, mens

havene falder og blotlægger de oversvømmede

landområder, som mennesket engang beboede.

Hvis det ender som den seneste istid, vil alt vest for Irland

blive ét stort kontinent, da havet dengang var 130 meter

lavere. Dengang lå størstedelen af det, som i dag er

Danmark under flere kilometer tyk is, hvilket i dag ville

være rigtig skidt for boligpriserne, men det bliver næppe

den største bekymring til den tid. Isen er en voldsom kraft,

som vil vende tilbage en dag, bulldozende oldgamle

befolkningscentre som New York og London, og hvis

menneskerne stadig findes til den tid, må de migrere mod

ækvator ligesom de andre dyr.

Men isen vil efterhånden tø igen, og selv om vor tids

industrielle aftryk på klodens temperatur til den tid vil

være væk, vil menneskets naturødelæggelse stadig kunne

ses. De arter af dyr og planter, som vi i dag udrydder med

foruroligende hast, er for evigt tabt, og genetablering af

havets økosystemer kan tage millioner af år, hvis vi

ufortrødent fortsætter vores forsuring af oceanerne.

Her er det vigtigt at lægge mærke til ordet hvis. For jo

længere vi kigger frem, desto flere hvis’er kommer der.

Mængden af ubekendte stiger i en grad, hvor de let

påvirker og forandrer det, vi ellers tror er bekendte

størrelser.

Nærmere sagntiden
Let skeptisk ser han ud, Minik Rosing, der er professor i

geologi og altså vant til at skræve over enorme spænd af

Jordens historie, når man beder ham fortælle om

fremtiden. Fremtiden om titusinder af år, siger han, om

den »kan man sige, lige hvad man vil«.

Bag ham ligger store stykker sten og klippe, på

arbejdsbordet et mikroskop, og nede i gården uden for

hans kontor på Geologisk Museum i København ligger den

20 ton tunge jernmeteorit Agpalilik på sin slæde.

Den slags kan man studere, ligesom man kan studere

Jordens komplicerede systemer og lave visse

fremskrivninger, i takt med at man bliver klogere på

sammenhængene. Men hvor man kan bruge nutiden som

en nøgle til fortiden, er der ingen nøgle til fremtiden, for

»den er helt andet bæst«, som Minik Rosing siger.

Og i fremtidens fremtid kan alt muligt ske. Tipping points

kan sende klimaet ud i et uoverskueligt amokløb, som

ændrer alt. Eller ozonlaget kan blive ødelagt, så vi alle

ristes af Solens UV-stråling. Eller vi kan fælde præcis dét

træ i Amazonas, som gør, at regnskoven ikke længere kan

generere regn, og derfra forvandler sig til savanne, hvilket

igen påvirker resten af Jordens systemer.

Det står klart, at kigger man århundreder frem, vil klimaet

på Jorden være varmere og vådere, men når man laver

tusindårige og millionårige fremskrivninger, så har man

meget lidt at holde fast på. Det er, som Rosing siger med en

engelsk vending, a subject without an object. Hurtigt ender

man med så forsimplede modeller af Jorden, at det, man

studerer, ikke længere er Jorden:

»Okay, jeg skal beskrive et æble, så nu tager jeg den her

pære«, siger Minik Rosing for at illustrere den pointe, som

er værd at have i baghovedet, når vi nu, trods alle advarsler

og forbehold, bevæger os dybere ind i det uvisse: Måske

kigger vi ikke på Jorden, men på en pære.

Over i mødetiden
Skruer vi nu op for tempoet på fremtidsfilmen og lader

hundredtusinder af år vokse til millioner af år, vil vi kunne

observere, hvordan kontinentaldriften skubber og trækker

Afrika mod Europa, så Middelhavet forsvinder, mens nye

bjergkæder rejser sig. I denne !erne verden om 50

millioner år vil Himalaya til gengæld ikke længere vokse,

som bjergkæden gør i dag, men stagnere og langsomt

begynde at erodere bort.

Sådan lyder projektionen fra den amerikanske palæontolog

Christopher Scotese, der hen over 30 år har lavet stadig

mere forfinede kort over fremtidens klode.

Lægger man 25 millioner år til, støder Australien ind i Kina.

Hvordan livet på planeten til den tid tager sig ud, er rent

gætværk, men de huller, vi i dag slår i økosystemerne, vil

for længst være udfyldt af nye arter, som vil have indtaget

de tomme nicher – medmindre andre ødelæggelser

rammer undervejs, såsom kæmpe meteornedslag eller

voldsom klimaforandrende vulkanisme.

Vi ved fra fossilernes spor, at over halvdelen af Jordens

artsrigdom med jævne mellemrum er blevet udraderet i

store masseuddøener, der er usandsynlige, hvis man ser et

århundrede frem, men sandsynlige, hvis man ser

hundreder af millioner år frem. Det er næsten så sikkert

som kontinentaldriften. I dag vokser Atlanterhavet cirka

lige så hurtigt som dine negle, da kontinenterne på hver

side stødes fra hinanden.

Men det vil det næppe blive ved med. Christopher Scoteses

bud på en fremtidig geografisk konfiguration af

kontinenterne – et bud, han selv regner for at være cirka 50

procent sikkert – siger, at alle Jordens kontinenter om 250

millioner år igen vil mødes i et superkontinent som det

Pangæa, der fandtes for 200 millioner år siden, men det vil

være en helt anden jord.

Jorden, denne kugleformede samling af grundstoffer, er

med sine 4,567 milliarder års eksistens i dag cirka halvvejs i

sit liv. Rig og midaldrende som Danmarks befolkning. Også

for den vil det gå ned ad bakke. Planeten begyndte uden liv

og vil ende uden liv, og det skyldes alt sammen det, som i

første omgang gjorde livet muligt, nemlig Solen.

Ind i ildtiden
»Til solen brænder ud,« lyder en vending, der skal

understrege, at en beslutning står ved magt for evigt. Men

selv om det er sandt, at Solen en dag løber tør for brændsel,

er der en anden proces i gang, som vil gøre enhver

beslutning totalt ligegyldig, længe inden Solen brænder

ud.

Vores livgivende stjerne skruer langsomt, men sikkert op

for intensiteten og stråler kraftigere og kraftigere, som

tiden går. I løbet af sin levetid har Solen skruet omtrent 30

procent op, og hvordan livet på Jorden har kunnet overleve

sådan et gradvist skifte er stadig omdiskuteret, men kan

skyldes, at der i planetens unge år var langt mere CO₂ i
atmosfæren, som kunne holde på den sparsomme

solvarme.

De to processer har fulgtes ad gennem planetens lange liv:

Solen har skruet op, mens CO₂-niveauet er faldet. CO₂-
faldet skyldes dels, at der ikke er så meget knald på

vulkanerne længere, og at mere af atmosfærens CO₂
trækkes ud af luften af havene og bjergene og af livet selv,

og det går hurtigere, jo varmere der bliver.

I bogen The Life and Death of Planet Earth når

astrobiologerne Peter D. Ward og Donald Brownlee frem til,

at mangel på CO₂ om hundreder af millioner af år vil slå

store dele af livet ihjel. De første, som ryger, er planterne,

og med dem kollapser også en masse andet.

I vore dage bliver der talt ret ukærligt om CO₂, men vi

skylder dette molekyle vores liv. CO₂ er en uundværlig

ingrediens i fotosyntesen, der igen er basis for den

fødekæde, som mennesket og nærmest alle andre dyr

overlever takket være.

Over tid er fødekæden dog dødsdømt. Mere varme fra

Solen fører til mere skydannelse, mere regn, mere

forvitring af bjergarter fra stadigt voksende kontinenter, og

alt det trækker CO₂ ud af atmosfæren. Og på et tidspunkt,

om mellem 500 millioner og en milliard år, når vi under et

kritisk niveau, hvor fotosyntesen må give fortabt i selv de

bedst tilpassede organismer. Det angives til et CO₂-niveau

på ti ppm – altså ti milliontedele af atmosfærens samlede

indhold, hvilket er et godt stykke fra i dag, hvor vores

aktivitet har pumpet tallet op på over 400 ppm.

Når atmosfæren kommer under det kritiske niveau, ender

et afgørende kapitel i Jordens historie – de grønne

kontinenters liv. Inden punktet indtræffer, vil skovene over

millioner af år have ændret karakter, de fleste plantearter

vil uddø og erstattes af andre, der kan trives med mindre

kuldioxid. Farvel til regnskove, farvel til nåleskove, goddag

til et væld af bambuslignende gevækster. Og så, langsomt

og glidende og måske endende i en langsomt bumpende

dødskrampe, hvor genopblomstring afløser udryddelsen ad

flere omgange, vil den levende grønne Jord til sidst ende

brun og livløs.

Sådan lyder i hvert fald fremskrivningen i bogen The Life

and Death of Planet Earth, hvor man kan læse sådan her

om den fremtid, der oprinder om omtrent 800 millioner år:

Kontinenterne er rødbrun ørken og klippe, luften fuld af

støv, og floderne chokoladebrune, flettede deltaer, der,

efter planterødderne slap deres greb, vasker de næringsrige

jorde ud i havet. Luftfugtigheden er kvælende høj som

lufttemperaturen, og væk er landjordens pattedyr, fugle og

padder som drivtømmeret på strandene. Lidt mos og lidt

lav måske, og enkelte tusindben og edderkopper på jagt,

myrer på udkig efter de sidste rester af en svunden verdens

næring. Over millioner af år er de fleste af dyrene blevet

tvunget tilbage i de oceaner, de i sin tid steg op fra, da

kontinenterne grønnedes. Nu lever også de på lånt tid. For

selv om havets alger og plankton kan klare sig med mindre

CO₂ end komplekse landplanter og altså agere bunden af

fødekæden i millioner af år endnu, så svinder også de ind,

ligesom iltniveauet i atmosfæren, mens

temperaturstigningerne accelererer, da den brune jord

optager langt mere varme, end den grønne gjorde.

Umærkeligt og ubønhørligt fortsætter Solen med at skrue

op for intensiteten. Ti procent ekstra om en milliard år. 40

procent ekstra om 2,5 milliarder år. Dyrelivet på land vil

uddø helt, og hvis ikke iltmanglen agerer bøddel, vil

temperaturstigningerne. Man kan leve underjordisk, være

natdyr, migrere mod polerne, men slutningen vil være den

samme.

En dag vil det sidste dyr trække vejret for sidste gang, og

det vil være enden på et meget stort kapitel på vores lille

planet. De næste, som vil ryge, er de encellede væsener af

den type, der har cellekerne – såkaldte eukaryoter – og

efter deres exit vil bakterierne ligesom ved livets

begyndelse være alene om at være i live. Og skønt havene

og livet i dem vil have længere tid at løbe på, vil også den

være lånt.

Den dag i dag går lidt af havet hele tiden tabt til rummet.

Solens stråler splitter vandmolekyler i atmosfærens øverste

lag, og brinten undslipper. Den proces accelerer under en

varmere sol, og tilsat tid betyder det, at havene vil

forsvinde og blotlægge de undersøiske bjergkæder og

Mikkel Vuorela

Johanne Pontoppidan Tuxen
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Modeller afslører galaksers
fascinerende udvikling

At studere galaksers udvikling kræver mere end bare at
observere dem. En betragtelig del af en astronoms job går ud
på at konstruere modeller, som forklarer galaksernes fødsel,
liv og død.

Som de fleste andre elliptiske galakser er ESO 325-G004 her stort
set ophørt med at forme nye stjerner og er derfor blevet orange.
Hvorfor kan du læse nedenfor. (Foto: NASA/ESA/HST)
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For at sammenligne størrelsen på galakser bruges ofte den såkaldte
’half-light radius’; den radius, inden for hvilken halvdelen af galaksens
lys udsendes. (Illustration: Peter Laursen)

Sådan definerer vi galaksers størrelse
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Tunge galakser giver hurtige stjerner
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Et kig 10 milliarder år tilbage i tiden
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Udviklings-tidslinie for tunge, elliptiske galakser. I forskningen
beskrevet  i denne artikel kigger vi nærmere på de tre sidste trin.
(Illustration: NASA, ESA, Sune Toft, & Ann Feild. Oversættelse: Peter
Laursen).

'Passiv' og 'aktiv' udvikling
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Visualisér den Fundamentale Plan
med x- og y-akser
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2D-version af den tredimensionale Fundamentale Plan. Klik her for at se
en animeret 3D version. (Figur: Peter Laursen)
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Her kan du se en animeret 3D-version af den Fundamentale Plan. (Video:
Peter Laursen)

En model for galaksernes udvikling
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Sæt dig tilbage i stolen og få fem ting, du skal vide om galakser af
astrofysiker Peter Laursen. (Video: Kristian Højgaard
Nielsen/Forskerzonen)

Mørkt stof er brikken, der mangler
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LÆS OGSÅ: Store opdagelser: Et univers af galakser

LÆS OGSÅ: Dansk forsker forklarer enorme galakser i
det tidlige univers

LÆS OGSÅ: Hvad er mørkt stof?

LÆS OGSÅ: Dværggalakse sladrer om det tidlige
univers

Watch on

Den Fundamentale Plan

Watch on

5 ting du skal vide om: Galakser

Fakta

Denne artikel er en del af Videnskab.dk’s Forskerzonen, hvor forskerne
selv formidler deres forskning, viden og holdninger til et bredt
publikum – med hjælp fra redaktionen.

Forskerzonen bliver udgivet takket være støtte fra Lundbeckfonden.
Forskerzonens redaktion prioriterer indholdet og styrer de
redaktionelle processer, uafhængigt af Lundbeckfonden. Læs mere om
Forskerzonens mål, visioner og retningslinjer her.  

Om Forskerzonen
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Modeller afslører galaksers
fascinerende udvikling

At studere galaksers udvikling kræver mere end bare at
observere dem. En betragtelig del af en astronoms job går ud
på at konstruere modeller, som forklarer galaksernes fødsel,
liv og død.

Som de fleste andre elliptiske galakser er ESO 325-G004 her stort
set ophørt med at forme nye stjerner og er derfor blevet orange.
Hvorfor kan du læse nedenfor. (Foto: NASA/ESA/HST)
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Vi tester vores teorier på selvbyggede
modeller
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Jagten på 'den Fundamentale Plan'
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+18-*0A<>0.

For at sammenligne størrelsen på galakser bruges ofte den såkaldte
’half-light radius’; den radius, inden for hvilken halvdelen af galaksens
lys udsendes. (Illustration: Peter Laursen)

Sådan definerer vi galaksers størrelse
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TILMELD

Tilmeld dig Forskerzonens nyhedsbrev

E-mail *

Tunge galakser giver hurtige stjerner
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Gådefuld forbindelse mellem
egenskaber

R?%8!-1!+M1<*8-A4-*!0<A!8-**-!0U00-!4%$$-*6U*>!$-AA-$
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Et kig 10 milliarder år tilbage i tiden
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P+18<!A;4-0!@13>-1!0<8!MV!%0!1-&4-!>-**-$!13$$-09!4-1!?<!%A09!4+$
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Udviklings-tidslinie for tunge, elliptiske galakser. I forskningen
beskrevet  i denne artikel kigger vi nærmere på de tre sidste trin.
(Illustration: NASA, ESA, Sune Toft, & Ann Feild. Oversættelse: Peter
Laursen).

'Passiv' og 'aktiv' udvikling
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4<$3A0%*0!>-**-$!Z-1-!:+14=-AA<>-!$-=%*<4$-1.

C-*!:I140-!$-=%*<4$-!=%*!$%*!=%A8-!M%44<?!38?<=A<*>9!8%!8-*
e*8-1!40-8!>-**-$!^<*0-1*-^!M1+,-44-17!):!>13*8-9!4+$!-1!-0!6-A0
4038<-!<!4<>!4-A?9!+M6I1-1!-AA<M0<4=-!>%A%=4-1!<!-0!0<8A<>0!40%8<-!$-8
%0!8%**-!40&-1*-17

C-00-!-1!<!=+*01%40!0<A!8-!$-1-!%=0<?-!4M<1%A>%A%=4-1!b!4+$
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Visualisér den Fundamentale Plan
med x- og y-akser
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2D-version af den tredimensionale Fundamentale Plan. Klik her for at se
en animeret 3D version. (Figur: Peter Laursen)
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Her kan du se en animeret 3D-version af den Fundamentale Plan. (Video:
Peter Laursen)

En model for galaksernes udvikling
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Sæt dig tilbage i stolen og få fem ting, du skal vide om galakser af
astrofysiker Peter Laursen. (Video: Kristian Højgaard
Nielsen/Forskerzonen)

Mørkt stof er brikken, der mangler
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LÆS OGSÅ: Store opdagelser: Et univers af galakser

LÆS OGSÅ: Dansk forsker forklarer enorme galakser i
det tidlige univers

LÆS OGSÅ: Hvad er mørkt stof?

LÆS OGSÅ: Dværggalakse sladrer om det tidlige
univers

Watch on

Den Fundamentale Plan

Watch on

5 ting du skal vide om: Galakser

Fakta

Denne artikel er en del af Videnskab.dk’s Forskerzonen, hvor forskerne
selv formidler deres forskning, viden og holdninger til et bredt
publikum – med hjælp fra redaktionen.

Forskerzonen bliver udgivet takket være støtte fra Lundbeckfonden.
Forskerzonens redaktion prioriterer indholdet og styrer de
redaktionelle processer, uafhængigt af Lundbeckfonden. Læs mere om
Forskerzonens mål, visioner og retningslinjer her.  

Om Forskerzonen
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Modeller afslører galaksers
fascinerende udvikling

At studere galaksers udvikling kræver mere end bare at
observere dem. En betragtelig del af en astronoms job går ud
på at konstruere modeller, som forklarer galaksernes fødsel,
liv og død.

Som de fleste andre elliptiske galakser er ESO 325-G004 her stort
set ophørt med at forme nye stjerner og er derfor blevet orange.
Hvorfor kan du læse nedenfor. (Foto: NASA/ESA/HST)
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Vi tester vores teorier på selvbyggede
modeller
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Jagten på 'den Fundamentale Plan'
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For at sammenligne størrelsen på galakser bruges ofte den såkaldte
’half-light radius’; den radius, inden for hvilken halvdelen af galaksens
lys udsendes. (Illustration: Peter Laursen)

Sådan definerer vi galaksers størrelse
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TILMELD

Tilmeld dig Forskerzonens nyhedsbrev

E-mail *

Tunge galakser giver hurtige stjerner
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Gådefuld forbindelse mellem
egenskaber
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Et kig 10 milliarder år tilbage i tiden
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Udviklings-tidslinie for tunge, elliptiske galakser. I forskningen
beskrevet  i denne artikel kigger vi nærmere på de tre sidste trin.
(Illustration: NASA, ESA, Sune Toft, & Ann Feild. Oversættelse: Peter
Laursen).

'Passiv' og 'aktiv' udvikling
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Visualisér den Fundamentale Plan
med x- og y-akser
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2D-version af den tredimensionale Fundamentale Plan. Klik her for at se
en animeret 3D version. (Figur: Peter Laursen)
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Her kan du se en animeret 3D-version af den Fundamentale Plan. (Video:
Peter Laursen)

En model for galaksernes udvikling
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Sæt dig tilbage i stolen og få fem ting, du skal vide om galakser af
astrofysiker Peter Laursen. (Video: Kristian Højgaard
Nielsen/Forskerzonen)

Mørkt stof er brikken, der mangler
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LÆS OGSÅ: Store opdagelser: Et univers af galakser

LÆS OGSÅ: Dansk forsker forklarer enorme galakser i
det tidlige univers

LÆS OGSÅ: Hvad er mørkt stof?

LÆS OGSÅ: Dværggalakse sladrer om det tidlige
univers

Watch on

Den Fundamentale Plan

Watch on

5 ting du skal vide om: Galakser

Fakta

Denne artikel er en del af Videnskab.dk’s Forskerzonen, hvor forskerne
selv formidler deres forskning, viden og holdninger til et bredt
publikum – med hjælp fra redaktionen.

Forskerzonen bliver udgivet takket være støtte fra Lundbeckfonden.
Forskerzonens redaktion prioriterer indholdet og styrer de
redaktionelle processer, uafhængigt af Lundbeckfonden. Læs mere om
Forskerzonens mål, visioner og retningslinjer her.  

Om Forskerzonen



Public Outreach



ACTIVITY SUBJECT CONTRIBUTOR

Lecture, Kompedal Star
Party

Gravitational lenses Lise Christensen

Open University Lecture Distant galaxies Lise Christensen
TV documentary interview
BBC/PBS (UK.USA)

Early universe galaxy formation Charlotte Mason

Radio interview NPR
(USA)

JWST, early universe galaxy formation Charlotte Mason

Book chapter 100 year celebration of the NBI Johan Fynbo
Public talks Talk on Research for reseasrch talents Johan Fynbo
Public talks in
Folkeuniversitetet

Gamma Ray Bursts Johan Fynbo

Public event End of the world Johan Fynbo
Press release including
web article

ALMA Discovers Rotating Infant Galaxy
with Help of Natural Cosmic Telescope

Seiji Fujimoto

Presentation on Galaxy
Evolution

Event organised by the Faculty of Physics
of the University of Barcelona for the
International Women’s Day (March 8,
2021)

Clara Arteaga

Article Was a passing satellite mistaken for a dis-
tant gamma-ray burst?

Charles Steinhardt

Presentation for
Astronomy on Tap London

An unprecedented ultra HD view of a dis-
tant galaxy

Francesca Rizzo

Webinar for a general
public (in Italian)

Observations of galaxies at high redshift Francesca Rizzo

Podcast - interview (in
Italian)

Observing galaxies with JWST Francesca Rizzo

Presentation Distant galaxies, origin of the Universe,
JWST

Iary Davidzon

Interview/Radio4 What can go wrong for James Webb? Peter Laursen
Interview/DR TV Avis James Webb launch Peter Laursen
Interview/TV2 Nyheder James Webb launch Peter Laursen
Interview/TV2 NEWS Commenting on the full James Webb

launch
Peter Laursen
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ACTIVITY SUBJECT CONTRIBUTOR

Event/Planetarium Live-streaming of James Webb launch,
talks, and press conference

Peter Laursen

Interview/videnskab.dk James Webb Peter Laursen
Interview/UCPH press
release

James Webb Peter Laursen

Interview/Dagbladet
Information

The end of the Universe Peter Laursen

Interview/Weekendavisen James Webb Peter Laursen
Interview/Dagbladenes
Bureau

James Webb Peter Laursen

News
story/cosmicdawn.dk

Star-forming gas in the early Universe Peter Laursen

Popular science
article/"Astronomi"

How do galaxies get their spiral arms Peter Laursen

Public talk/Planetarium Inauguration of the new dome Peter Laursen
Public talks/Videnskaben
På Besøg

Astronomy/cosmology/galaxies Peter Laursen

Press release/UCPH Early galaxies running out of gas Peter Laursen
Interview/Radio4 A new spiral arm in the Milky Way? Peter Laursen
Interview/videnskab.dk A new spiral arm in the Milky Way? Peter Laursen
Interview/P1 Morgen Supernova prediction in 2037 Peter Laursen
Press release/UCPH Supernova prediction in 2037 Peter Laursen
Popular science
article/videnskab.dk

Black holes reflect the Universe Peter Laursen

News
story/cosmicdawn.dk

Fast radio bursts Peter Laursen

Press release/UCPH Black holes reflect the Universe Peter Laursen
Seminar/Planetarium Space seminar for teachers Peter Laursen
Popular science
article/UCPH

Galaxies Peter Laursen

Popular science
article/videnskab.dk

Galaxy evolution Peter Laursen

Talk/Astronomy on Tap The early Universe Peter Laursen
Quiz
show/Videnskabsklubben

Galaxy formation Peter Laursen
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ACTIVITY SUBJECT CONTRIBUTOR

Talks/Forskningens Døgn Astronomy/cosmology/galaxies Peter Laursen
Science
dissemination/UCPH

@KU_forskeren’s weekly guest Peter Laursen

Interview/videnskab.dk Gravity Peter Laursen
Educational video/Ministry
Of Education

Everything is made of particles Peter Laursen

Press release/UCPH Danish participation in James Webb Peter Laursen
Presentation (Forskningens
Døgn 2021)

A View to the Universe from Hawaii Thomas Greve

Radio Interview (DR, Vildt
Naturligt)

JWST Launch, Galaxies Thomas Greve

TV Interview (DR1,
TV-avisen)

JWST Launch, Galaxies Thomas Greve

TV Interview (DR2,
Deadline)

JWST Launch, Galaxies Thomas Greve

TV Interview (TV2, Go’
Morgen Danmark)

JWST Launch, Galaxies Thomas Greve

Interview with journalist
Gunver Lystbæk Vestergård

JWST Peter Jakobsen
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Albert Sneppen (MSc Student at DAWN) in an article by Berlingske talking about his paper on the optical
properties of black holes.
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Conferences

TITLE OF EVENT

Scientific Organising Committee, European Astronomical Society meeting 2021,
special session “Gamma-Rays as Cosmic Probes”

European Astronomical Society Symposium 2022: The Universe at the reionization
epoch

European Astronomical Society Annual Meeting; Dusty Star-Formation at high-z
(Special Session)

DAWN Summit 2021, 20–23 September

JWST Observation Application Writing Course

Virtual Workshop “Where the Earth Meets the Sky” (27–28 May 2021)

SOC member of conference, SAZERAC2.0 — Summer All Zoom Epoch of Reioniza-
tion Astronomy Conference, Held online

Co-Chair of EAS Special Symposium, Towards a Complete Census of Star-Formation
in the Early Universe, Held online

CIDER: The Cold ISM During the Epoch of Reionisation, Sazerac Conference

DTU Astrophysics Seminar

DAWN Winter School
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Talks Given by DAWN Employees

TITLE OF EVENT VENUE PARTICIPANT(S)

Tenure Lecture NBI Auditorium A Charlotte Mason

THESEUS 2021 Virtual Conference (Online) Lise Christensen

Seminar Series Turku, Finland (Online) Lise Christensen

European Astronomical Society An-
nual Meeting

Leiden (Online) Johan Fynbo

Epoch of Reionization Astronomy Con-
ference

Online Seiji Fujimoto

Seminar talk at UCLA Online Seiji Fujimoto

Seminar talk at UT Austin Online Seiji Fujimoto

Seminar talk at Cambridge Cambridge Seiji Fujimoto

Seminar talk at Universtiy of Tohoku Online Seiji Fujimoto

Sino-French Workshop: Confronting
Simulations with Observations
of High-redshift Galaxies and
(proto)Clusters

Online Francesco Valentino

Colloquium, Kavli Institute, University
of Cambridge

Online Georgios Magdis

Colloquium, Hellenic Astronomical So-
ciety

Online Georgios Magdis

Seminar at LAM Online Georgios Magdis

Plenary Colloquium Kapteyn Instutute,
University of
Groningen, The
Netherlands

Iary Davidzon

CON-Quest Conference Zoom / Gothenburg Thomas Greve

DAWN Summit DTU Space Thomas Greve

Double Profile Galaxies Conference Zoom / Paris Thomas Greve
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Guest Speakers

SPEAKER LOCATION DATE TITLE

Ian Hothi (Imperial
College London)

Virtual 16-12-2021 Finding the Needle in the Haystack

Pavel Mancera Piña
(Kapteyn Astronomical
Institute & ASTRON)

NBB 09-12-2021 The startling dynamics of gas-rich ultra-
diffuse galaxies

Maria Bergemann (MPI
for Astronomy in
Heidelberg & NBIA)

NBB 25-11-2021 Probing the physics of supernovae Type
Ia with Galactic stars

Kasper Elm Heintz
(University of Iceland)

NBB 21-10-2021 Measuring the HI gas mass of galax-
ies in the early Universe with gamma-
bursts

Martin Sparre (Potsdam
University and AIP
Leibniz)

DTU 12-10-2021 Multiphase gas flows in the circum-
galatic medium of galaxies

Arianna Long
(University of California,
Irvine)

NBB 16-09-2021 Missing Giants: The Impact of Dust-
Obscuration on Stellar Mass Assembly
Through Cosmic Time

Andrei Diaconu (SURF) NBB 02-09-2021 Beyond the Star Forming Main Se-
quence

Tommy Clark (SURF ) NBB 02-09-2021 Why Do Galaxies Die?

Emile Timothy (SURF) NBB 02-09-2021 Solving a Water Crisis: Identifying
Chemicals Through Dimensionality Re-
duction

Amelia Whitworth
(SURF)

NBB 02-09-2021 Simulating the Absorption Spectra for
DLA Galaxy Counterparts

Tom Gilbert (SURF) NBB 18-08-2021 Life through the hologenomic window

Patrick Rim (SURF) DTU 01-09-2021 Summer School Talk
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SPEAKER LOCATION DATE TITLE

Ishaan Kannan (SURF) DTU 01-09-2021 Summer School Talk

Alice Cheng (SURF) DTU 01-09-2021 Summer School Talk

Dr. Alkistis Pourtsidou
(Queen Mary University
of London)

NBB 09-09-2021 HI constraints from cross-correlations
of intensity maps with optical galaxies

Hollis Akins (IRES) NBB 19-08-2021 ALMA reveals extended gas and dust
emission around the z = 7.13 galaxy
A1689-zD1

Zoe Kearney (IRES) NBB 19-08-2021 Exploring high O[III]-C[II] line ratios
in the early universe

Casey Carlisle (IRES) NBB 19-08-2021 Star Formation Histories of Galaxies in
COSMOS2020

Michael Messere (IRES) NBB 17-08-2021 Searching for Starburst-Driven Ion-
ized Gas Outflows at z ∼ 1.5 Main-
Sequence Galaxies with KMOS

Julia Homa (IRES) NBB 17-08-2021 Groundtruthing Rotation Curve Models
of Galaxies at z = 2

Troels Petersen(NBI) NBB 13-08-2021 Variated talks on physics and teaching

Aasa Feragen (DTU) NBB 11-08-2021 AI for medicine: bias and fairness

Morten Ravn (Viking
Ship Museum in
Roskilde)

NBB 04-08-2021 Underwater archaeology in Denmark:
History and recently conducted investi-
gations

Thomas Blunier (SURF) NBB 28-07-2021 Climate research from ice cores

Morten Holm
Christensen (NBI-CMT)

NBB 21-07-2021 More is Different

Anders Gorm Pedersen
(DTU)

DTU 14-07-2021 From pandemic to the common cold

Namiko Mitarai (NBI) NBB 07-07-2021 Bacterial persistence: Life is a gamble

Bryan Scott (IRES) Virtual 22-07-2021 Astrophysics and Cosmology with In-
tensity Mapping
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SPEAKER LOCATION DATE TITLE

Rebecca Larsonă (IRES) Virtual 15-07-2021 Islands of Reionization - A Potential
Ionized Bubble Powered by an Over-
density at z = 8.7

Sidney Lower (IRES) Virtual 01-07-2021 Improving Galaxy SED Modeling Tech-
niques with Cosmological Simulations

Kevin Harrington
(European Southern
Observatory and the
Joint ALMA
Observatory)

Virtual 27-05-2021 PASSAGES: A Multi-J CO and [CI] line
study of single dish observations of the
lensed Planck selected starbursts at cos-
mic noon

Maria Maistro (DIKU) Virtual 20-05-2021 Is most published research wrong?

Sirio Belli (Harvard
CfA)

Virtual 15-04-2021 Molecular gas in high-redshift quies-
cent galaxies

Fabio Vito (Scuola
Normale Superiore di
Pisa)

Virtual 08-04-2021 The furthest QSOs in the X-rays

Tony Mroczkowski Virtual 18-03-2021 Towards an Atacama Large Aperture
Submillimeter Array (AtLAST)

Jorryt Matthee Virtual 11-03-2021 The X-SHOOTER Lyman-α survey at
z = 2

Hannah Staceyă Virtual 04-03-2021 100-pc resolution of z ∼ 2 quasar host
galaxies with ALMA: witnessing the for-
mation of compact spheroids

Sam Cutler 11-02-2021 Diagnosing DASH: A Morphological
Catalog for the COSMOS-DASH Survey

Takahiro Morisita 04-02-2021 (G)old mining in high-redshift galaxies:
Application of SED fitting in the era of
JWST

Lukas Furtak 14-01-2021 How robustly can we constrain the z ∼
6 − 7 stellar mass function?
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Guest Researchers

VISITOR ARRIVAL DEPARTURE AFFILIATION

Luca Di Mascolo 13-12-2021 18-12-2021 University of Trieste

Daniele Bjørn Malesani 01-10-2021 01-10-23 Radboud University

Xin Lin 18-10-2021 11-09-2021 Université de Versailles Saint-Quentin-
en-Yvelines

Martin Sparre 11-10-2021 12-10-2021 Potsdam University

Will Roper 06-09-2021 22-09-2021 University of Sussex

Julia Homa 09-08-2021 20-08-2021 University of Massachusetts

Sidney Lower 09-08-2021 20-08-2021 University of Massachusetts

Bryan Scott 09-08-2021 20-08-2021 University of Massachusetts

Rebecca Larson 09-08-2021 20-08-2021 University of Massachusetts

Alkistis Pourtsidou 05-08-2021 05-09-2021 Queen Mary University of London

Emile Timothy Anand 21-06-2021 04-09-2021 Summer Student Caltech

Alice Cheng 19-06-2021 04-09-2021 Caltech

Tommy Clark 19-06-2021 04-09-2021 Caltech

Andrei Diaconu 19-06-2021 04-09-2021 Caltech

Amelia Whitworth 28-06-2021 04-09-2021 Caltech

Patrick Rim Virtual Caltech

Adam Bertelli Virtual Carnegie Mellon University

William Mann Virtual Caltech
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Meet the Team

Staff & Students

Sune Toft

Center Director

Thomas Greve

Center Co-Director

Guarn Nissen

Senior Coordinator

Johan Fynbo

Section Leader

Helena
Baungaard

Section Secretary

Peter Johannsen

Administrative

Helper

Charles
Steinhardt

Associate Professor

Darach Jafar
Watson

Associate Professor

Georgis Madgis

Associate Professor

Gabe Brammer

Associate Professor

Pascal Oesch

Associate Professor

Charlotte Mason

Associate Professor

Lise Christensen

Associate Professor

Allan Hornstrup

Head of Astrophysics

& Atmospheric Physics

Birgitta Nordström

Associate Professor

Emerita

Francesco
Valentino

Assistant Professor

Peter Jakobsen

Affiliated Professor

Kasper Elm Heintz

Assistant Professor,

Carlsberg Fellow

Seiji Fujimoto

DAWN Fellow

Francesca
Rizzo

DAWN Fellow

Iary Davidzon

DAWN Fellow
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Bitten Gullberg

Carlsberg

Integration Fellow

Minju Lee

DAWN Fellow

Lijie Liu

DAWN Fellow

Aswin Vijayan

DAWN Fellow

Victoria Strait

DAWN Fellow

Nina
Bonaventura

Postdoc

Shuowen Jin

Postdoc

Steven Gillman

Postdoc

Michael
Andersen

Senior Consultant

Bo
Milvan-Jensen

Senior Researcher

Peter Laursen

Senior Scientific

Communication

Coordinator

Anton Norup
Sørensen

Senior Researcher

Meghana Killi

PhD Student

Katriona (Kate)
Gould

PhD Student

John Weaver

PhD Student

Vasily Kokorev

PhD Student

Clara Arteaga

PhD Student

Malte Brinch

PhD Student

Vadim Rusakov

PhD Student

Dazhi Zhou

PhD Student

David Blanquez

PhD Student

Joonas Viuho

PhD Student

Natalie Allen

PhD Student

Ting-Yi Lu

PhD Student

55



Gonzalo Prieto

PhD Student

Marina
Koukouvaou

MSc Student

Ditlev Frickmann

MSc Student

Simone Vejlgaard

MSc Student

Albert Sneppen

MSc Student

David Vizgan

Fulbright Scholar

Guozhen Ma

MSc Student

Han Lei

MSc Student

Ioannis Mageiras

MSc Student

Jiaming Yao

MSc Student

Guests

Daniele Malesani

Guest

Alkistis Pourtsidou

Guest

International Associates

Trity
Pourbahrami

Intl. Associate and

Comm. Consulatant

Kate Whitaker

International

Associate

Karina Caputi

International

Associate

Kristian Finlator

International

Associate

Peter Capak

International

Associate

Desika
Narayanan

International

Associate
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Fabian Walter

International

Associate

Luis Colina

International

Associate

Claudia Lagos

International

Associate

Alumni

Carlos Gómez
Guijarro

PhD Student

Mikkel Stockmann

PhD Student

Isabella Cortzen

PhD Student

Athanasios
Anastasious

MSc Student

Cecilie Nørholm

MSc Student

Christina
Konstantopoulou

MSc Student

Simon Pochinda

MSc Student

Suk Joo Ku

MSc Student

Jonatan Selsing

Postdoc

Daniel Ceverino

Assistant Professor &

DAWN Fellow

Kimihiko
Nakajima

DAWN Fellow

Christian Kragh
Jespersen

BSc Student

Magdalena
Maria Otap

MSc Student

André Harwigsen

MSc Student

Mette Vindbæk-
Madsen

MSc Student

Charlie Meinertz

MSc Student
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DAWN Publications 2021

Rodney, Steven A., Gabriel B. Brammer, Justin D. R. Pierel, et al. (Sept. 2021). “A gravitationally lensed
supernova with an observable two-decade time delay”. In: Nature Astronomy 5, pp. 1118–1125. arXiv:
2106.08935 [astro-ph.CO] (cit. on pp. 12, 17).

Steinhardt, Charles L., Michael I. Andersen, Gabriel B. Brammer, et al. (Oct. 2021a). “A more probable
explanation for a continuum flash towards a redshift ≈ 11 galaxy”. In: Nature Astronomy 5, pp. 993–
994. arXiv: 2101.12738 [astro-ph.HE] (cit. on p. 13).

Steinhardt, Charles L., Christian Kragh Jespersen, and Nora B. Linzer (Dec. 2021b). “Finding High-
redshift Galaxies with JWST”. In: The Astrophysical Journal 923.1, 8, p. 8. arXiv: 2111 . 14865
[astro-ph.GA] (cit. on p. 14).

Bakx, Tom J. L. C., Laura Sommovigo, Stefano Carniani, et al. (Nov. 2021). “Accurate dust temperature
determination in a z = 7.13 galaxy”. In: Monthly Notices of the Royal Astronomical Society 508.1,
pp. L58–L63. arXiv: 2108.13479 [astro-ph.GA] (cit. on p. 14).

Fujimoto, Seiji, Masamune Oguri, Gabriel Brammer, et al. (Apr. 2021). “ALMA Lensing Cluster Survey:
Bright [C II] 158 µm Lines from a Multiply Imaged Sub-L? Galaxy at z = 6.0719”. In: The Astrophysical
Journal 911.2, 99, p. 99. arXiv: 2101.01937 [astro-ph.GA] (cit. on pp. 14, 18).

Kimock, Benjamin, Desika Narayanan, Aaron Smith, et al. (Mar. 2021). “The Origin and Evolution of
Lyα Blobs in Cosmological Galaxy Formation Simulations”. In: The Astrophysical Journal 909.2, 119,
p. 119. arXiv: 2004.08397 [astro-ph.GA] (cit. on p. 14).

Daddi, E., F. Valentino, R. M. Rich, et al. (May 2021). “Three Lyman-α-emitting filaments converging
to a massive galaxy group at z = 2.91: discussing the case for cold gas infall”. In: Astronomy and
Astrophysics 649, A78, A78. arXiv: 2006.11089 [astro-ph.GA] (cit. on pp. 14, 15).

Stockmann, Mikkel, Inger Jørgensen, Sune Toft, et al. (Feb. 2021). “The Fundamental Plane of Massive
Quiescent Galaxies at z ∼ 2”. In: The Astrophysical Journal 908.2, 135, p. 135. arXiv: 2012.05935
[astro-ph.GA] (cit. on p. 16).

Stefanon, Mauro, Rychard J. Bouwens, Ivo Labbé, et al. (Nov. 2021a). “Galaxy Stellar Mass Functions
from z ∼ 10 to z ∼ 6 using the Deepest Spitzer/Infrared Array Camera Data: No Significant Evolution
in the Stellar-to-halo Mass Ratio of Galaxies in the First Gigayear of Cosmic Time”. In: The Astrophysical
Journal 922.1, 29, p. 29. arXiv: 2103.16571 [astro-ph.GA] (cit. on p. 16).

Bouwens, R. J., P. A. Oesch, M. Stefanon, et al. (Aug. 2021). “New Determinations of the UV Luminosity
Functions from z 9 to 2 Show a Remarkable Consistency with Halo Growth and a Constant Star
Formation Efficiency”. In: Astronomical Journal 162.2, 47, p. 47. arXiv: 2102.07775 [astro-ph.GA]
(cit. on p. 16).
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Caputi, K. I., G. B. Caminha, S. Fujimoto, et al. (Feb. 2021). “ALMA Lensing Cluster Survey: An ALMA
Galaxy Signposting a MUSE Galaxy Group at z = 4.3 Behind “El Gordo””. In: The Astrophysical Journal
908.2, 146, p. 146. arXiv: 2009.04838 [astro-ph.GA] (cit. on p. 16).

Rizzo, Francesca, Simona Vegetti, Filippo Fraternali, Hannah R. Stacey, and Devon Powell (Nov. 2021).
“Dynamical properties of z ∼ 4.5 dusty star-forming galaxies and their connection with local early-
type galaxies”. In: Monthly Notices of the Royal Astronomical Society 507.3, pp. 3952–3984. arXiv:
2102.05671 [astro-ph.GA] (cit. on p. 16).

Rusakov, V., M. Monelli, C. Gallart, et al. (Mar. 2021). “The bursty star formation history of the Fornax
dwarf spheroidal galaxy revealed with the HST”. In: Monthly Notices of the Royal Astronomical Society
502.1, pp. 642–661. arXiv: 2002.09714 [astro-ph.GA] (cit. on p. 16).

Whitaker, Katherine E., Christina C. Williams, Lamiya Mowla, et al. (Sept. 2021a). “Quenching of
star formation from a lack of inflowing gas to galaxies”. In: Nature 597.7877, pp. 485–488. arXiv:
2109.10384 [astro-ph.GA] (cit. on p. 17).

Man, Allison W. S., Johannes Zabl, Gabriel B. Brammer, et al. (Sept. 2021). “An Exquisitely Deep View of
Quenching Galaxies through the Gravitational Lens: Stellar Population, Morphology, and Ionized Gas”.
In: The Astrophysical Journal 919.1, 20, p. 20. arXiv: 2106.08338 [astro-ph.GA] (cit. on p. 17).

Magdis, Georgios E., Raphael Gobat, Francesco Valentino, et al. (Mar. 2021). “The interstellar medium
of quiescent galaxies and its evolution with time”. In: Astronomy and Astrophysics 647, A33, A33.
arXiv: 2101.04700 [astro-ph.GA] (cit. on p. 17).

Whitaker, Katherine E., Desika Narayanan, Christina C. Williams, et al. (Dec. 2021b). “High Molecular-
gas to Dust Mass Ratios Predicted in Most Quiescent Galaxies”. In: The Astronomical Journal Letters
922.2, L30, p. L30. arXiv: 2111.05349 [astro-ph.GA] (cit. on p. 17).

Nelson, Erica J., Sandro Tacchella, Benedikt Diemer, et al. (Nov. 2021). “Spatially resolved star formation
and inside-out quenching in the TNG50 simulation and 3D-HST observations”. In: Monthly Notices of
the Royal Astronomical Society 508.1, pp. 219–235. arXiv: 2101.12212 [astro-ph.GA] (cit. on p. 17).

Gillman, S., A. L. Tiley, A. M. Swinbank, et al. (Jan. 2021). “The evolution of gas-phase metallicity
and resolved abundances in star-forming galaxies at z ≈ 0.6 − 1.8”. In: Monthly Notices of the Royal
Astronomical Society 500.3, pp. 4229–4247. arXiv: 2010.15847 [astro-ph.GA] (cit. on p. 18).

Valentino, F., E. Daddi, A. Puglisi, et al. (Oct. 2021). “The effect of active galactic nuclei on the cold
interstellar medium in distant star-forming galaxies”. In: Astronomy and Astrophysics 654, A165, A165.
arXiv: 2109.03842 [astro-ph.GA] (cit. on p. 18).

Heintz, Kasper E., G. Björnsson, M. Neeleman, et al. (Oct. 2021a). “GRB host galaxies with strong H2
absorption: CO-dark molecular gas at the peak of cosmic star formation”. In: Monthly Notices of the
Royal Astronomical Society 507.1, pp. 1434–1440. arXiv: 2108.00714 [astro-ph.GA] (cit. on p. 18).

Heintz, Kasper E., Darach Watson, Pascal A. Oesch, Desika Narayanan, and Suzanne C. Madden (Dec.
2021b). “Measuring the H I Content of Individual Galaxies Out to the Epoch of Reionization with
[C II]”. In: The Astrophysical Journal 922.2, 147, p. 147. arXiv: 2108.13442 [astro-ph.GA] (cit. on
p. 18).
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Kokorev, Vasily I., Georgios E. Magdis, Iary Davidzon, et al. (Nov. 2021). “The Evolving Interstellar
Medium of Star-forming Galaxies, as Traced by Stardust”. In: The Astrophysical Journal 921.1, 40,
p. 40. arXiv: 2109.06209 [astro-ph.GA] (cit. on p. 18).

Narayanan, Desika, Matthew J. Turk, Thomas Robitaille, et al. (Jan. 2021). “POWDERDAY: Dust Radiative
Transfer for Galaxy Simulations”. In: The Astrophysical Journal Supplement Series 252.1, 12, p. 12.
arXiv: 2006.10757 [astro-ph.GA] (cit. on pp. 18, 19).

Doughty, Caitlin and Kristian Finlator (Aug. 2021). “The effects of binary stars on galaxies and metal-
enriched gas during reionization”. In: Monthly Notices of the Royal Astronomical Society 505.2,
pp. 2207–2223. arXiv: 2105.09972 [astro-ph.GA] (cit. on p. 19).

Fudamoto, Y., P. A. Oesch, S. Schouws, et al. (Sept. 2021). “Normal, dust-obscured galaxies in the
epoch of reionization”. In: Nature 597.7877, pp. 489–492. arXiv: 2109.10378 [astro-ph.GA] (cit. on
p. 20).

Uzgil, Bade D., Pascal A. Oesch, Fabian Walter, et al. (May 2021). “The ALMA Spectroscopic Survey in
the HUDF: A Search for [C II] Emitters at 6≤z≤8”. In: The Astrophysical Journal 912.1, 67, p. 67.
arXiv: 2102.10706 [astro-ph.GA] (cit. on p. 20).

Jarugula, Sreevani, Joaquin D. Vieira, Axel Weiss, et al. (Nov. 2021). “Molecular Line Observations in
Two Dusty Star-forming Galaxies at z = 6.9”. In: The Astrophysical Journal 921.1, 97, p. 97. arXiv:
2108.11319 [astro-ph.GA] (cit. on p. 20).

Kashiwagi, Yuri, Akio K. Inoue, Yuki Isobe, et al. (Dec. 2021). “Subaru/FOCAS IFU revealed the metallicity
gradient of a local extremely metal-poor galaxy”. In: Publications of the ASJ 73.6, pp. 1631–1637.
arXiv: 2110.05030 [astro-ph.GA].

van der Wel, A., R. Bezanson, F. D’Eugenio, et al. (Dec. 2021). “The LEGA-C Survey Completed: Stellar
Populations and Stellar Kinematics of Galaxies 7 Gyr Ago”. In: The Messenger 185, pp. 13–17.

Chapman, Ryley Hill Scott, Kedar A. Phadke, Manuel Aravena, et al. (Dec. 2021). “Rapid build-up of
the stellar content in the protocluster core SPT2349-56 at z = 4.3”. In: Monthly Notices of the Royal
Astronomical Society.

Puglisi, Annagrazia, Emanuele Daddi, Francesco Valentino, et al. (Dec. 2021a). “Submillimetre compact-
ness as a critical dimension to understand the main sequence of star-forming galaxies”. In: Monthly
Notices of the Royal Astronomical Society 508.4, pp. 5217–5238. arXiv: 2103.12035 [astro-ph.GA].

Wang, George C. P., Ryley Hill, S. C. Chapman, et al. (Dec. 2021). “Overdensities of submillimetre-
bright sources around candidate protocluster cores selected from the South Pole Telescope survey”.
In: Monthly Notices of the Royal Astronomical Society 508.3, pp. 3754–3770. arXiv: 2010.02909
[astro-ph.CO].

Stefanon, Mauro, Ivo Labbé, Pascal A. Oesch, et al. (Dec. 2021b). “The Spitzer/IRAC Legacy over the
GOODS Fields: Full-depth 3.6, 4.5, 5.8, and 8.0 µm Mosaics and Photometry for > 9000 Galaxies at
z = 3.5 − 10 from the GOODS Reionization Era Wide-area Treasury from Spitzer (GREATS)”. In: The
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