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NATIONAL ADVISORY BOARD

The advisory board meets at least annually to provide support and advice to the director and executive committee on the effectiveness
c ENTR E n I R EcTu R EXEc UTIVE MANAGEMENT cuMMITTEE of the centre in reaching its scientific, technical, and operational goals. With COVID restrictions still in place, an Advisory Board meet-
The Executive Management Committee works collaboratively to oversee day-to-day operations, including financial and risk management, the development of the strategic ing wasn't held in 2021, instead the Board provided input into the mid-term review.
Prof. Lisa Kewley (ANU) plan and monitoring performance against agreed outcomes. All collaborating universities are represented on the committee.

and former Director General of the European Southern Observatory.

manda Karakas (Monash), Dr Richard McDermid (Macquarie), Prof. Emma Ryan-Weber (Swin-
hurne ), A/Prof. K|m vy Tran (UNSW), and Prof. Cathryn Trott (Curtin).
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/ [Prof. Barbara Catinella (UWA), Prof. Scott Croom (Sydney), Prof. Matthew Colless (ANU), A/Prof // Professor Tim de Zeeuw, Professor of Theoretical Astranomy at Leiden University
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Ms Ingrid McCarthy (ANU ﬂ
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Prof. Joss Bland-Hawthorn (Sydney)

2021 ADVISORY BOARD MEMBERS

Dr Linda Tacconi, Scientist, Max Planck Institute for Extra-terrestrial Physics.

Professor Lars Hernquist, Mallinckrodt Professor of Astrophysics, Harvard-Smithsonian
Centre for Astrophysics.

Sue Westan, CED of Comcare, previously Deputy Secretary of the federal Department of
Industry, Innovation and Science. Sue s also a Chartered Accountant and a Fellow of
CPA Australia.
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EDI - A/Prof Kim-Vy Tran, (UNSW
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Students - PhD Student Yifei Jin (ANU
Sustainability - Dr Andy Casey (Monash
Black Lives Matter - Dr Nichole Barry (Curtin

Or Bobby Cerini, Deputy Director, Director of Science and Learning at Questacon - the
National Science and Technology Centre.

Professor Mary Putman, Associate Professor of Astronomy, Columbia University.
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OUR STRATEGIC GOALS

TRANSFORM

Transform our understanding of the Universe and how we got here. We
will conduct ground breaking new 3-Dimensional surveys alongside an
ohservationally-driven theory program with dedicated telescope and
supercomputing facilities.

4

\\

/ Inspire, train and mentor the next generation of diverse Australian
scientific leaders. We will inspire students to study science, technology,
B u I I_n / engineering and mathematics (STEM) through new teacher education

programs and our ambitious nation-wide public outreach campaigns.
Build and maintain the infrastructure, skills and expertise required to
maximise Australia’s investment in the new era of mega-scale optical
and radio telescopes through our research programs, skills workshops,
mentoring, leadership and succession planning, we will train young Aus-
tralian scientists to drive the future world-leading programs on the next
generation of telescopes.

////

OUR STRATEGIC GOALS

4

NEXT GENERATION

Provide young Australian scientists with

transferable skills for the modern workforce by training the new gener-
ation of young Australian astrophysicists in transferable skills including
data intensive science, providing a broad range of career options outside
astrophysics, including market analysis, population statistics, medical
science, hioinformatics, genomics, and commercial sector data analyt-
ics.

CULTURE

Create an innovation culture to facilitate the transfer and commercialisa-
tion of astronomical technology to other disciplines by identifying fresh
ideas and aiding the commercialisation of new astronomical technology
through our Intellectual Property and Innovation Committee, comprised of
experts in commercialisation.
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QUICK LOOK 2021

OUR RESEARCH

& 269 Publications in Peer Reviewed Journals
10 National Press Releases

B7 Invited Talks

p 129 Contributed Talks

15 Government and Industry Briefings

713 School Talks

B Public Qutreach Talks

57 Colloquia

16 Poster Presentations

866 Radio, Press or TV Interviews

OUR PEOPLE

20 Chief Investigators

10 Partner Investigators

A B8 Associate Investigators

48 Affiliates

7 Research Fellows

30 Postdoctoral Researchers

68 PhD Students '
9 Masters Students ONLINE PRESENCE /7

.10 Honours Students Facebook page likes 552 /S

4 Education and Outreach Affiliates Facebook followers 531

9 Masters and Honours Students Twitter followers 1261 g

5 Professional Staff YouTube Subscribers 411

0 Alumni

QUICK LOOK 2021
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ABOUT ASTRO 3D

The ARC Centre of Excellence for All Sky Astrophysics in 3 Dimensions (ASTRO 3D) commenced
in July 2017 and is a Research Centre of Excellence led by the Australian National University
(ANU) from its Research School of Astronomy and Astrophysics at Mt Stromlo.

The Centre is comprised of nine collaborating universities: Australian National University, the
University of Melbourne, the University of Sydney, Swinburne University of Technology, the
University of Western Australia, Curtin University, Monash University, the University of New South
Wales and Macquarie University — and a number of world-class Australian and international
partners, including:

California Institute of Technology, USA (Caltech)

Chinese Academy of Sciences (CAS)

Commonwealth Scientific and Industrial Research Organisation (CSIRO)
National Computational Infrastructure (NCI)

Netherlands Institute for Radio Astronomy (ASTRON)

University of Hertfordshire, UK

University of Washington, USA (UW)

University of Toronto, Canada

University of Oxford, UK

The Centre has been funded over seven years with a $30.3m grant from the Australian Research
Council (ARC), $9.995m in cash from the nine Australian universities and $134m of in-kind
resources from across the collaborating and partner institutions.

OUR VISION

To unlock the mysteries of the Universe using innovative 3D technology, while sharing the
excitement and wonder of astronomy to inspire the broader community.

To propel Australia to the forefront of astronomical research by combining Australia’s radio, optical
and theoretical expertise to understand the origins of our Universe and the galaxies within it.

To train future Australian astronomers to lead breakthrough science on the next generation of
telescopes.

To share our discoveries and passion for research with the broadest possible audience and
inspire the scientists of the future.

WHY ASTRO 307

The most fundamental question in astrophysics, “How did we get here?”, covers vast ground -
from the Big Bang and the stars that first lit the cosmos, to the evolution of the diverse Universe
that surrounds us today. No single telescope or theoretical simulation can answer this question.
This problem requires new panchromatic all-sky surveys that cover thousands of square degrees
of sky to capture the light from hundreds of thousands of galaxies.

Critically, it also requires 3D; the extra dimensions of time and motion are required in addition

to the typical space or frequency dimensions in previous surveys. Using new 3D Integral Field
Technology (IFU) for every pixel of light we receive from a telescope, we can generate a datacube,
that gives us information about:

- spatial properties (what is where)

« spectral properties (what chemical elements are present)

WHY ASTRO 3D°7

« velocity information (are the stars and the gas moving away from us or towards us)

ASTRO 3D strategically combines new 3D radio, optical, and infrared technology with new
supercomputing infrastructure. 3D surveys allow us to track how the different phases of matter,
neutral hydrogen gas, ionised gas, stellar mass, and dark matter accumulated and spread across
the history of the Universe.

As a consequence of this cutting-edge 3D data and modelling, ASTRO 3D will be able to utilise
tools such as virtual reality, 3D movies, 3D printed models and files, coupled with links to school
curriculum to help both the general public and students understand and appreciate the new era
of discoverv in astrophvsics.

Image above shows the HI (neutral hydrogen gas) in one ASKAP beam (out of 36) after
combining seven nights of ASKAP data. They discovered two gas-rich dwarf galaxies in the
vicinity of a nearby spiral galaxy (IC 5201). The collage shows IC 5201 on the top row - the
optical image (left), the HI distribution (middle) and the HI velocity field - whicih shows how fast
the gas is moving (right). The bottom row shows the same thing for the two dwarf galaxies.
Image credit: Dane Kleiner (CSIRO - CASS).
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DIRECTOR'S WELCOME AND REPORT
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ASTRO 3D aims to understand our origins. Our Centre has three goals: (1) to understand the origin
of the ionizing radiation in the universe, (2) to understand how matter accumulated into galaxies

in the universe, and (3) to understand how the chemical elements formed and proliferated in

the stars and galaxies across cosmic time. Our surveys and projects cover the full history of the
universe from right after the Big Bang to the present day universe and our own Milky Way.

In 2021, ASTRO 3D continued to make major strides in scientific discovery, education/outreach,
and diversity. COVID-19 produced challenges to our education and outreach programs, but our
ongoing regular communications and effective on-line collaborations and meetings allowed the
Centre science to continue unabated.

Our surveys and projects are in full swing, with 269 publications in refereed journals and 10
press releases. We’re increasing our collaborations across all Surveys and Projects, as well as
developing new data catalogs, analysis tools and theoretical predictions to help us obtain a 3D
picture of how the gas, the first stars and galaxies formed and evolved across 13.7 billion years of
cosmic time.

In 2021, we successfully passed our mid-term review and we formally welcomed our new Nodes
Macquarie University, Monash University, and the University of New South Wales. Monash
further strengthens our galactic archaeology and stellar modelling efforts. Macquarie University
significantly strengthens the Centre in the critical areas of Data Intensive Astronomy and Hector
technical development and science. UNSW continues to provide leadership and expertise for the
Galaxy Evolution program, as well as leadership of the ASTRO 3D Equity, Diversity and Inclusion
committee. It has been wonderful to see the new collaborations building with the new Nodes, as
they are welcomed into the Centre.

Our surveys and projects continued to make world-first discoveries and reach major milestones.
Using the Murchison Widefield Array, ASTRO 3D researchers produced the deepest detection
limits in the epoch of X-ray heating. Our Genesis theoretical simulations team has worked
directly with observers to produce mock data cubes of galaxies and to make predictions for the
first galaxies in the universe. By combining theoretical simulations with deep 3D data of distant
galaxies from the world’s largest telescopes, ASTRO 3D researchers discovered that galaxies
with large, puffy disks continue their star formation for longer than regular galaxies, advancing
our understanding of how galaxies evolve. In a world first, our team measured the chemical
content of massive outflows of gas from distant galaxies, showing that how galaxies pollute their
environment with chemical elements.

Lisa Kewley is a Professor and Australian Research Council Laureate Fellow at the
Australian National University. She obtained her PhD in 2002 from the Australian
National University on the connection between star formation and supermassive black
holes in galaxies. She was a Harvard-Smithsonian Center for Astrophysics Fellow and a
NASA Hubble Fellow.

Her awards include the 2006 American Astronomical Society Annie Jump Cannon
Award, the 2008 American Astronomical Society Newton Lacy Pierce Prize, and the
2020 US National Academy of Science James Craig Watson Medal.

In 2014, Kewley was elected Fellow of the Australian Academy of Science “for her
fundamental advances in understanding of the history of the Universe, particularly star
and galaxy formation”, and in 2015, Kewley was awarded an ARC Laureate Fellowship,

Australia’s top fellowship to support excellence in research.

DIRECTOR'S WELCOME AND REPORT
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The SAMI survey completed its target of 3000 data cubes of nearby
galaxies using the Anglo Australian Telescope. This is the largest 3D
galaxy survey with spectral resolution that can identify shocked gas from
massive galactic-scale superwinds in galaxies, and is now public world-
wide. ASTRO 3D researchers have used this dataset to understand how
galaxies spin, grow, cluster and die. Our Data Intensive Astronomy and
Genesis teams havee produced new cutting-edge 3D data visualisation
tools to help observers view and analyse their data.

ASTRO 3D is conducting a world-leading survey of stars in the Milky Way
to track the chemical and mass accretion history of the Milky Way through
galactic archaeology. In 2021, we showed that a star in the Milky Way with
unusual chemical elements was formed from a remnant of a magneto-
rotational hypernova, an incredibly energetic explosion, the first of its
kind to be detected. Also in 2021, our GALAH and SAMI teams combined
forces to understand the merger history of our Milky Way. Astronomers
previously thought that the Milky Way had a violent past, with the thin
and thick disks of the Milky Way produced through violent collisions. Our
teams showed that Milky Way’s thin and thick discs are likely the ‘default’
peaceful path of galaxy formation and evolution for spiral galaxies.

In 2022, we are excited to begin commissioning the Hector instrument
on the Anglo Australian Telescope. Hector will provide unprecedented
resolution and uses innovative robotic positioner technology. ASTRO 3D
researchers will use Hector to conduct a generation 3D survey of 10,000
galaxies.

Some of our education outreach programs were largely on hold due to
COVID-19, but our Virtual Reality program development continued, with

the first demonstration of the program available to ASTRO 3D members at
our joint virtual and in-person retreat in December 2021. We are excited to

ramp up our education and outreach activities in 2022.

The year 2021 was a year for diversity milestones, with ASTRO 3D
being awarded a Bronze Pleiades Award from the Astronomical Society

DIRECTOR'S WELCOME AND REPORT

of Australia. We achieved 46% women in the Centre, a major achievement in
astrophysics. We are on-track to reaching 50% women in early 2022. Our Centre
will be focusing on increasing representation of Aboriginal and Torres Strait
Islander people in astronomy for the final years of the Centre. We held Indigenous
Awareness training workshops at our Annual Retreat on the east coast and the
west coast. Both workshops were highly valued by our members, with high

levels of attendance and positive responses on post-workshop surveys. In 2021,
our Black Lives Matter Committee formed as a sister committee to our Equity
Diversity and Inclusion committee, and we will be forming an Indigenous Advisory
Committee in 2022 to help us deliver programs that meet the needs of Aboriginal
and Torres Strait Islander students.

Our COO Ingrid McCarthy, our management team, and our administrative and
education/outreach staff continued effective, efficient, and highly professional

work in the Centre. This team keeps the Centre running smoothly, as well

as leading and contributing to many of the Centre’s education initiatives,
committees, training programs and workshops.

| am delighted to share this Annual Report with you, now fully virtual with an
exciting new and sustainable format.
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ADVISURY BOARD CHAIR REPORT

The past year saw a continuation of the restrictions imposed by the COVID-19 pandemic, but
the ASTRO 3D partnership continued to thrive and deliver marvellous new science results and
actively integrated the new nodes at Macquarie, Monash, and UNSW into the web of connected
activities.

Australian partnership in ESO’s programme thrived with successful observing proposals for the
VLT, progress on instrumentation development, and gaining access to all of ESO’s technology
development programme, including activities for the Extremely Large Telescope.

The ARC-mandated mid-term review by an external committee was passed with flying colours.
The IAB provided advice on the Strategic Plan 2021-2024, and was also interviewed by the
review committee. The outcome of the review confirmed that ASTRO 3D is a superb ARC Centre
of Excellence, which carries out a world-class research programme, provides excellent training
for young researchers, blazes a luminous trail in the increase of equity, diversity and inclusion,
and has developed an excellent education and outreach programme. Specifics of this year’s
remarkable progress is described in this Annual Report.

There are now encouraging signs that in-person meetings will become possible soon, and the
|AB looks forward to interact with the ASTRO 3D team in 3D in the course of 2022.

Tim de Zeeuw

IAB Chair

Tim de Zeeuw is Professor of Theoretical Astronomy at Leiden Observatory and was
Director General at ESO 2007 - 2017. Tim obtained his PhD at Leiden University and
worked at the Institute for Advanced Study, Princeton, and at the California Institute of
Technology.

Tim's research concentrates on the formation, structure and dynamics of galaxies,
including our own, the Milky Way.

In Leiden, he led a group active in the construction of state-of-the-art dynamical models
for galaxies, and their comparison to high-quality photometric and spectroscopic
observations, with the aim of establishing the properties of dark matter halos around

galaxies, probing the supermassive nuclear black holes, measuring the kinematics and
dynamics of the different stellar populations, and ultimately understanding the process
of galaxy formation.

ADVISORY BOARD CHAIR REPORT
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TESTIMONIAL

ASTRO 3D has many strengths as a Centre of Excellence — from its world leading research and
highly productive international collaborations, leading to new discoveries and advancements
in scientific understanding, to nationally recognised education outreach programs and the
development and mentoring of new generations of researchers and research leaders.

Its successes are underpinned by a vibrant organisational culture, which has developed from
strong and inclusive leadership with a commitment to good governance, mentoring and skills
development, open communication and respect for diverse perspectives. At times of crisis,
such as that presented by the global COVID19 pandemic, this workplace culture has helped the
organisation to continue attracting top new talent from across the nation and around the world,
and to evolve and thrive as a leading global centre of expertise. That it is so well positioned is a
testament to Director Kewley and leaders throughout the Centre, who have worked tirelessly to
pursue and enable opportunities, remove barriers, bring people together and build strong and
dynamic connections across disciplines, cultures and borders.

The achievements from 2021 are impressive. ASTRO 3D is not only recognized as an international
leader in astrophysical research, but one whose expertise is making a vital contribution to
planning for future use of the Square Kilometre Array and Giant Magellan Telescope. Its
commitment to educational outreach has seen it create and deliver new astrophysics education
programs that excite and inspire hundreds of teachers and young Australians every year. Its
people command high levels of respect and recognition in their fields, and in turn invest in
mentoring and developing the next generation of researchers and industry professionals.

ASTRO 3D'’s collaboration with other organisations is extensive and has grown steadily to now
include 18 national and international partnerships, enabling the Centre’s influence and profile to
extend well beyond its immediate field.

In order to thrive, research institutions must attract, develop and retain the best talent from a
diverse pool of researchers. The recent announcement that a full 50% of Centre researchers

and staff are female (as compared to just 38% back in 2018) is an outstanding achievement to
celebrate. Few other science agencies have managed to achieve this outcome. As the Centre
enters its 6th year, new targets to further increase the diversity and engagement of the workforce
will help set the benchmark still higher.

| congratulate ASTRO 3D on all it has achieved to date and look forward to the year ahead.

Dr Bobby Cerini

General Manager of Science and Learning, Questacon

Dr Bobby Cerini is Deputy Director and General Manager of Science and Learning at
Questacon.

Bobby represents the Department of Industry, Science, Energy and Resources on a
variety of STEM program boards across Australia, and in key national and international
stakeholder networks including the Asia Pacific network of science centres and
museums (ASPAC) and the Public Communication and Science and Technology network
(PCST).

TESTIMONIAL
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WELCOME TO OUR NEW NODES

NEW COLLABORATING UNIVERSITY PARTNERS

In mid-2019, ASTRO 3D invited submissions in an open call from the Australian astronomical
community for new collaborating universities (Nodes). In our call, we highlighted the Centre's
needs, including support for theoretical expertise for our Galactic archaeology program,
leadership and personnel for our galaxy evolution program, and scientific support and instrument
development support for the Hector instrument. We also emphasised the need for support for our
Telescopes in Schools program.

The ASTRO 3D Executive Management and Science Management Committees reviewed these
submissions for scientific rigour and contribution to the research, personnel and expertise of the
Centre. We conducted extensive budget modelling of the impact of the submissions from the new
Nodes on the ASTRO 3D Budget, with forward budget models for all possible scenarios included
within our Executive and Science Management Committee discussions.

After an open and transparent process, ASTRO 3D added three new collaborating universities:
Monash University, Macquarie University, and the University of New South Wales (UNSW). The

addition of the new nodes brings in substantial scientific expertise and person-power and $1M

in new cash for the Centre to help us achieve our ambitious science goals in the 2nd half of the
Centre.

Monash University, headed by Node Leader Cl Amanda Karakas, strengthens the Centre in the
critical areas of Galactic archaeology and SAMI data science. One of the primary outstanding
needs in the Centre is theoretical modelling of stellar evolution. The modelling of stars is highly
complex and accurate stellar yields (i.e. the amount of chemical elements produced by these

stars) are required in many research areas in ASTRO 3D from theoretical stellar evolution models,
as well as simulations of star-forming galaxies which need to model entire populations of star
clusters in galaxies. Monash investigator Amanda Karakas' theoretical model yields are now the
standard yields used in astrophysics. They are now being used in Monte Carlo models of stars,
chemical evolution models of the Milky Way and our neighbouring galaxies (the Magellanic
Clouds), chemical evolution models of star clusters, cosmological simulations of galaxy formation,
as well as simulations of the gas in galaxies, and models of the most pristine galaxies in the
Universe. The Monash Node will use their ARC funding to employ a Postdoctoral Researchers
linked to the GALAH project and for travel.

Macquarie University, led by Cl Richard McDermid, significantly strengthens the Centre in the
crucial areas of Data Intensive Astronomy and Hector instrument development. One of the
primary outstanding needs of the Centre has been in building our data intensive astronomy
virtual observatory program to maximise world-wide astronomer access to our vast radio,
optical, and theoretical datasets. Macquarie University has extensive expertise in this area, due
to their experience building the Australian Virtual Observatory. Macquarie University will lead
the Data Intensive Astronomy program to incorporate ASTRO 3D surveys and project datasets,
including our theoretical 3D ZOOM simulations. Also, this connection provides a vital career
transition pathway for ASTRO 3D ECRs into data science fields. Cl Richard McDermid is an ARC
Future Fellow and Senior Lecturer. His research field is primarily galaxy formation and evolution,
in particular using observations of galaxies to measure the properties of their stars, gas, dark
matter and black holes. Cl Matt Owers is also an ARC Future Fellow and Senior Lecturer.
Broadly, Dr Owers' research interests are in the field of galaxy evolution, and how the large-scale

environment impacts the properties of galaxies. He is involved in several large Australian surveys,

including the Galaxy And Mass Assembly (GAMA) survey, the SAMI Galaxy Survey, as well as
planned surveys such as WAVES and Hector. The Macquarie Node will employ three Postdoctoral
Researchers in Data Intensive Astronomy and Hector.

The University of New South Wales (Sydney), headed by Cl Kim-Vy Tran, provides leadership and
expertise for the Galaxy Evolution program and the ASTRO 3D Equity, Diversity and Inclusion
Committee. One of the primary outstanding needs of the Centre is the leadership of the ASTRO
3D Galaxy Evolution program, including our core gravitational lensing at high redshift survey
called AGELS. These programs were being led by Swinburne University Cl Karl Glazebrook, who
had to step down from these roles when he received his ARC Laureate Fellowship to work on a
different research program. The UNSW contributions to ASTRO 3D provides leadership of the
overall Galaxy Evolution program, as well as coordination and support for the AGELS survey.
UNSW also provides fundamental coordination and support for the GALAH survey on the Anglo-
Australian telescope, including management of the observations and data processing. Cl Kim

Vy Tran's research program focuses on Galaxy Evolution, specifically in the intermediate redshift
Universe (1< z <5) and as a function of environment. Within ASTRO 3D, she expands on existing
and very productive collaborations across several of the Nodes, namely ANU, Swinburne, and the
University of Melbourne. Being part of ASTRO 3D has enabled CI Tran to strengthen connections
with theorists at UWA (Node) and Harvard (Partner institution) to compare predictions to
observations better. Kim Vy Tran will fill a large unmet need in the Centre; she will lead the ASTRO
3D Galaxy Evolution program, including the AGEL survey. The UNSW Node will employ a Galaxy
Evolution Postdoctoral Researcher.

We also added a new International Partner organisation in 2021. The University of Hertfordshire
and new CI Chiaki Kobayashi bring world-leading expertise in the chemical evolution of galaxies.

»q VIONASH
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Mﬁ’
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™
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SYDMEY-AUSTRALIA
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STUDENT COMMITTEE

?: ‘ elcomed new members this year including: Caro Derkenne (Macq),
ANC

nasvee Saraf (UWA), Yifan Mai (UniSyd) and Balu Sreedhar (UniMelb).

ittee organised the virtual Student Day on 31 August 2021 inviting Ms Carol

ental Health Centre to talk on stress management, and Mr Glen Sheldon from
Linternship seeking through APR.Intern. We received great feedback from
dents on both speakers and topics.

T

At the end of 2021, we successfully organised marvelous student sessions at the

JUERELS SRSl R TELRCEIEN L R ERE LIS FASTRO 3D Annual Retreat! We invited Dr. Fang Yuan from Geoscience Australia
on the formation of my stress. | learnt how to l Dr. Emily Wisnioski from ANU to give talk on career building from the
cope with my stress and anxiety. | feel | am more spectives of both industry and academia.

confident and braver to embrace the uncertainty in i
my lifel" '

K
w | B
|

‘Annual Retreat also gave us a chance to meet and discuss initatives the
oup would like to see implemented in 2022. There was a high demand from
Student feedback from Virtual Student Day tudents present to build skills in science communication, networking, career
'hing and professional coding practices. These skills would help students to
essful next generation scientific leaders and gain transferable skills for a
n workforce. These initatives included:

A B
Cl
0 ¢ p"plication for industry (including preparation of job hunting, resume writing,

5 etc.) from people who are aware of the interview process and have had read

esumes, e.g., someone from the HR department of a company or a recruiter,;
|

1
areness of conferences students can speak at, talk about their research, and
hers;

jence communication, to communicate our results to a broader audience;
tworking and social skills, social confidence;

)JeCct management, time management, goal setting, even project management
1 of a collaboration; and

for international travel, so students can begin attending conferences and
asearch internationally, as well as building solid international collaborations.

IFASTRO 3D students for their support to the Student Committee. | would
t Committee members for their continuous contributions to the committee.
he Student Committee.

STUDENT COMMITTEE
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2021 was the Senior ECR Committee’s second ye
changes. Outgoing chairs Phil Taylor (ANU) and

thanks for your work), and new members Themiya
existing members Lilian Garratt-Smithson (UWA) &

This past year we continued our focus on represe

and providing resources for our peers. We had t

was setting up a program for any ASTRO 3D me n
offers training courses developed by professional and Google
give you new computational and professional skil ditation at the e
is now negotiated on a node-by-node basis. To ac¢ g, simply find a co |
take, discuss with your line-manager, and fill in the ich is pinned on the #A
channel of the ASTRO 3D Slack). »

Our second contribution was organising a panel diS@éission based around how to

postdoc into junior faculty, which was held just bef@re the science retreat. Huge t

panel of Dr Emily Wisnioski (ANU), Dr Elisabete Limha da Cunha (UWA), A. Prof. R

(Swin), and A. Prof. Cath Trott (Curtin) who gave us candid and invaluable advice T
2021 we put out a call to try and capture all the kno 'ﬂléag‘éné:ained during the loc
teaching and working online, to make sure it isn’t lost & ¢

project is ongoing.

Looking forward to 2022, we will hopefully be able to focus
creating resources online that can be used at any time.

Jack Line On behalf of the Senior ECR Committeé‘.'
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JUNIOR ECR COMMITTEE

unior ECR committee can be summarised as supporting our junior
Palance.

ated an anonymous questionnaire for our cohort to tell us about their
of this survey are shown in figure to left with violin plots. These plots
average least important (left) to most important (right) with the shape
ead of answers. The results indicate that the highest priority for
5 IS to secure astronomy jobs and fellowships.

with recent faculty hires in August 2021 and the ASTRO 3D
ctober 2021 provided great advice on these topics from
ulty members. Our cohort is also clearly worried about their

al researchers. The ASTRO 3D International Seminar Series
ide our junior ECRs with international visibility - and the lifting
21 was more than uplifting.

g forward to finally h;‘:lving the newest members of our cohort arriving in Australia
or all of us, managing our work+life balance was important during this year (and
the survey). The junior ECR committee therefore organised both an informal
ening in August 2021 as well as a work+life workshop with Life Coach Chris
1e workshop addressed values-based work+life planning, communication,
gement skills to set up strategies to juggle personal and career roles

ally, the ASTRO 3D ECR Iadership training day in April 2021 provided expert guidance on
: g doctoral writers, leading positive conversations, and becoming effective supervisors.
e end of lockdowns and international traveling restrictions at the end of 2021, we are
]l to 2022 and the 2nd half of ASTRO 3D!

N

lon behalf of the Junior ECR Committee.

-

A

Career Priorities for ASTRO 3Ds Junior ECRs in 2021
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The International Seminars Committee was formed in late-2020 with the aim of aiding students
and ECRs in advertising their work in a pandemic-riddled world. Given the lack of travel
opportunities that stemmed from the cancellation of in-person conferences, Australian students
and ECRs were unable to network as usual, which may have negative ramifications come job
season. To mitigate this, the ASTRO 3D ECR Astronomers in Australia Seminar Series was
created: a series of 36 online seminars by Australian astronomers that took place from March-July
2021.

Our committee received many excellent abstract submissions, and selected 36 speakers based
on a blind review process. Speakers were located at institutions all across Australia, and were
evenly split in gender. The majority of speakers were final year PhD students or postdocs within 3
years of their PhD.

Talks were advertised to our international colleagues via email lists, Twitter, Facebook, and word
of mouth. Importantly, the seminars were scheduled at times convenient to those in Europe/
Africa, and North and South America. Of course, this meant a few early starts or late nights for our
seminar speakers, but ensured higher attendance from an international audience.

= Giulia Santuce rrial mas

2 FRBs Detected During T
Deeper Wide_r Faster Program

The seminars were a roaring success, covering topics as wide-ranging as galactic archaeology,
fast radio bursts, gravitational waves, and ultra-diffuse galaxies. Almost 300 participants from 23
different countries attended which ensured stimulating discussions during question time. As an
added benefit, the talks were recorded and placed on ASTRO 3D’s YouTube channel where they
have already accumulated over 3000 views.

Feedback has been overwhelmingly positive, with speakers and attendees alike pleased to
have the opportunity to share in the amazing science being caried out by Australia’s junior
astronomers. Hopefully come job season, our seminar speakers will be more visible and have a
nice talk to attach to their CVs! Many thanks go to the International Seminars Committee team
members: Dorota Bayer, Marianne Girard, Anishya Harshan, Yifei Jin, Meridith Joyce, Clare Peter,
and Jeffrey Simpson.

Amelia Fraser-McKelvie on behalf of the International Seminars Committee
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THE EQUITY, DIVERSITY AND INCLUSION COMMITTEE
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EDI ASSESSMENTS IN 2021

® The EDI committee reviewed the demographics of the ASTRO 3D Early Career Researcher
Seminar series and were pleased to see that the double-blind process for selecting talks resulted
in a gender representative and diverse cohort of speakers.

® ASTRO 3D was recognised with an ASA Pleiades Award in June with the successful
proposal led by Katie Grasha, Marie Partridge, and George Heald. The Pleiades award committee
gave the ASTRO 3D proposal high marks in all criteria which bodes well for the next round of

Pleiades Awards in 2022.

® InJune, Marie Partridge led the assessment of the ASTRO 3D 2019 Diversity & Inclusion
Action Plan and confirmed excellent progress. Overall, ASTRO 3D has or is in the process

of achieving most of the stated goals. The review also identified planned goals that are not
possible, for example having a uniform set of reporting guidelines because of different policies
across the ASTRO 3D nodes on confidentiality issues.

® To assess the experiences of ASTRO 3D members when they move onwards in their
careers, Denise Castle led the development of an Exit Survey in July 2021. Through a series

of optional questions, the 10 minute survey captures individual’'s perspectives on what being a
member of ASTRO 3D is like at the node and Centre-wide levels. The survey is anonymous and
responses are reviewed with strict confidentiality by professional staff.

® We end 2021 with the findings from the ASTRO 3D Climate Survey that closed in September.

With an impressive completion rate of 59%, we hope to learn how we can better support our
community and make positive change within astronomy and beyond.

Kim-Vy Tran On behalf of the EDI Committee.
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With the chair of the Sustainability Committee on parental leave fc
we found 2021 to be somewhat challenging, however, some prog

Dr Phil Taylor (ANU) provided guidelines for reducing household &
Composting food waste, being mindful of packaging when making
items rather than replacing them, buying secondhand, being a res
as much as you are all suggestions we can take on board, both at
of these practical initiatives are being implemented at ANU, and '
will start to implement them in 2022. ﬁ 'y \

In April, Dr Adam Stevens (UWA) shared an open letter from Astrononiers for o Earth, that »

asks for sustainability to become a core practice of all astronomicai"enflfavou s. It acknowl 2dg \{‘

that astronomy research contributes a large carbon footprintyVia'computation, telescope == *H.
operations and travel. The letter is still open for you to sign, andsas ASTRO §D, we w continue b~
endeavour to suggest ways we can help reduce our impact.on the pIane‘E‘ .

i h' J'"

One silver lining of the continuation of COVID restrictions was the move toward ybri'a e ?ing
The Chief Operating Officers of Centre’s of Excellence recognise how difficuh ybriq events can
be — fully virtual or fully in-person are much easier to organise! Hybrid events are diffictlt'to do f
well. ASTRO 3D utilised Zoom for our fully virtual Science Meeting, however, it Was Iess;ueces '
and interactive as a tool for our hybrid Annual Retreat. We willibe looking into better tools zﬂ L
software to enable all our events to run as hybrid'in the last couple of years of the Eentre: =

Our Annual Retreat also saw a new award for Championing the Environment, Highlighting S
commitment to this important issue and the winner was Andy Casey! We look for\l/}ard to
nominations for this in 2022!

|
#

¢

As we move back to in-person events, COO Ingrid McCarthy has drafted Sustainable it SN _
Guidelines, so that our environmental impact in both traveliand the event itself can bg*minimise -"'_:r‘_*

The Guidelines will be reviewed by the Committee in early 2022 and be widely circtilated. I ‘ _h', '
. £

The Committee will be calling for new members in'2022, and are loeking forwarghto publishing
our Guidelines and providing more practical advice on how we ¢an h‘elpaA§TR 3D become m or
sustainable. 1 &y 4 G
i . @ i "J‘
‘-‘I L ',-_

A 1‘ "
L |

L il
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SLIENCE MANAGEMENT COMMITTEE AGTIVITY PLAN 2022

Develop suite of controlled non-cosmological
simulations and cosmological zoom
counterparts to study outflows and their
signatures that can be probed in IFU surveys.

Write introductory paper on Genesis
hydrodynamical simulations with a focus on
outflows and observable signatures.

Exploit first data of the MAGPI survey by

comparing with simulations.

Provide SAMI/HECTOR teams with simulated
IFU-like data from EAGLE.

Release of SimSpin v2.0 for the IFU community,
with significant improvements made for the
observation of hydrodynamical simulations.

Publish paper on the statistical calibration
of Meraxes against multiple observational
datasets and redshifts.

Ingestion of Genesis data into SAGE.
Publish paper on the cosmic variance in

the 21cm signal using the new model with
extended trees.

Report on results of Pawsey PACER programs
for ASTRO-3D science projects (DINGO).

Report on results of AusSRC programs for
ASTRO 3D science projects (WALLABY,
FLASH).

Initial internal release of Hector data products
through the Optical Data Centre (ODC) archive
interface.

Report on prototype ‘archive’ interface to
Genesis-related numerical/hydro simulation
outputs through ODC.

SCIENCE MANAGEMENT COMMITTEE ACTIVITY PLAN 2022

Submit the MWA Real Time System description
paper.

Complete Hyperdrive software for Direction
Independent and Direction Dependent
calibration and for redundant calibration,
spectral regularisation.

Develop and implement data quality
visualisation with DuG.

Explore the effect of diffuse emission on the
EoR end-to-end pipeline.

Apply new ionospheric corrections, and LoBES
catalogue to deep integration of data.

Define extended source subtraction threshold
for EOR2 processing.

Determine interferometric Effects of Deformed
Beams including Depolarisation & Rotation
Measure.

Obtain high-resolution UV spectra from UVES/
VLT for the most metal-poor stars known to
determine abundances of O and compare with
extragalactic sources at high redshift.

Determine the detailed chemical composition
of the extremely metal-poor star SMSS J0843-
-1415 that has exceptionally high [Zn/Fe]

and light s-process element abundances to
constrain, for the first time, nucleosynthesis in
electron--capture supernovae.

Make ESO DDT observations awarded with
VLT/UVES.

Calculate updated stellar nucleosynthesis
models of metal-poor asymptotic giant branch
(AGB) stars.

Calculate new stellar interior models of
primordial and extremely metal-poor low and
intermediate-mass stars.

Simulate convective-reactive (CR) events
using 3D and 1D+ nuclear-hydrodynamics
to investigate fast evolutionary phases in
primordial stars.

Model the impact of binary stars on the yields
of AGB stars.
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Measure the z¥8 luminosity function from the
SuperBoRG survey.

Contribute to JWST PASSAGE survey:
identification of z>8 galaxies from large area
slitless spectroscopy.

Adapt BoRG pipeline for applications to
NIRCAM parallel data for identification of z>6
sources.

Data-model comparison for absorption and
emission spectroscopy in GRB host galaxies
with the Eagle simulation.

Analyse spatial correlations between z¥2 and
z”8 Lyman Break galaxies and connections to
contamination in high-z samples.

Analysis of NIRCAM parallel data for
identification of z>6 sources.

Publish papers on XQR-30 metal absorber
catalogue and on the redshift evolution of CIV
cosmic mass density.

Complete DUVET Pilot Paper 1.5 describing
outflows vs CO flux and multiphase outflow
analysis paper.

Publish DUVET papers on Face-on Galaxies,
outflow in NGC1569 and geometry of outflows.

Publish metallicity gradient paper for
TYPHOON spirals.

Create TYPHOON HIl region catalogue.

Make comparison of observed metallicity
gradients with the lllustris simulation.

Complete paper describing cause of low gas
fractions in the early Universe in massive proto-
cluster galaxies.

Perform AGEL follow-up observations.

Submit ESO and ALMA proposals for FLASH
follow-up.

Start the full FLASH survey.

Improve the DINGO phase 1 equatorial data

quality and create value-added data products.

Process DINGO pilot phase 2 data.

Complete follow-up paper on HI scaling
relations.

Start the full DINGO survey.

Make the public release of WALLABY pilot
survey phase 1 value-added data.

Submit the WALLABY data release paper.
Start the full WALLABY survey.

Organise 2022 WALLABY science meeting.

Submit SAMI paper connecting spin, age and
environment.

Publish paper on connecting gas accretion and
kinematic misalignment to simulations (based
on SAMI).

Develop Hector stellar kinematic pipeline.

Compare stellar kinematic properties of Milky
Way Analogues from Hector and SAMI.

SCIENCE MANAGEMENT COMMITTEE ACTIVITY PLAN 2022

mulations of spiral galaxies.

ial and vertical abundance
alaxy.

pipeline of The Cannon and
ccount non-spectroscopic
ayesian framework.

ields, metal-rich AGB yields,
of metal rich stars.

impact of binaries with
d core collapse AGB

er on Milky Way surrogate
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GENESIS THEORETICAL SIMULATIONS

he ASTRO 3D Genesis simulation program focuses on the following three key science
areas.

1. Simulating the birth of the first stars and their impact on early Universe chemical
enrichment, proto-galaxy formation, reionisation and the evolution of the InterGalactic
Medium (IGM);

2 Tracking galaxy growth through star formation and mergers, and the build-up of angular
momentum at all galactic scales, leading to the emergence and evolution of large-scale structure
and the epoch of quasars; and

3. Uncovering the history of the local galaxy population, including radio galaxies and AGN, by
following the dynamical, stellar and chemical evolution of the galaxies across cosmic time to the
present day.

These questions are being addressed through the concurrent development of a new generation
of integrated N-body/hydrodynamical galaxy formation simulations coupled to sophisticated
semi-analytic galaxy models; the “Genesis Suite”. Genesis will be available to both the ASTRO
3D and wider astronomical community through an update to the Theoretical Astrophysical
Observatory (TAO++), opening up Genesis to be easily usable to address all the key ASTRO 3D
science goals.

The Genesis Simulations thread combines suites of large N-body simulations that are coupled
to semi-analytical models to produce synthetic galaxy populations across cosmic time, all run
in-house, with bespoke analysis of state-of-the-art hydrodynamical simulations, such as EAGLE
(Schaye et al. 2015) and lllustris-TNG (Pillepich et al. 2016), and our own in-house runs targeting
individual galaxies (both non-cosmological and cosmological zooms), which address specific
problems with an ASTRO 3D focus.

Higo < 27.5

Troral < 1

Fig 1: The neutral hydrogen fraction (xHi) of a simulated volume at z=8 (projected with a depth

of 100cMpc). Only UV-bright, Lya transparent galaxies are shown. From Qin et al. 2021,

2021 PROJECT HIGHLIGHTS

The Genesis team has been working with our partners at the National Computational
Infrastructure (NCI) and the developers of the Swift simulation code to run large, high resolution,
volumes. These simulation have the resolution to resolve low-mass dark matter halos that
powered the growth of the ionising background during the Epoch of Reionisation (EoR), along
with the large volume to capture not only Reionisation by ultra-violet radiation from the first stars,
but also X-rays generated by the first black holes.

This work on modeling the EoR leverages novel work by ASTRO 3D PhD student, Balu Sreedhar,
extending work done by former student, Yisheng Qiu, who produced an algorithm to augment the
merger trees drawn from N-body simulations. Using Monte Carlo trees to extend the mass range
of the merger trees, Balu has been able to extend the effective mass resolution of our highest
resolution Genesis simulation by a factor of 10, with an effective particle number of over 1 trillion
particles. This allows us to model the formation of the first star forming haloes at z=20.

ASTRO 3D PDRA Yuxiang Qin has examined Lya transmission through the inter-galactic medium
and the environments of bright galaxies during the EoR using the Meraxes sem-analytic model.
Unexpectedly, observations reveal Lya emission from galaxies at high redshifts, contrary to
expectation if the IGM is neutral, suggesting that they are in the vicinity of luminous galaxies

that have ionized the local IGM. Using Meraxes, Yuxiang has reproduced the observations, and
predicts that the JWST will discover many such Lya detectable neighbors, offering a novel means
to map the morphology of Reionisation. How such galaxies cluster during the EoR is shown in

Fig 1.

ASTRO 3D PDRA Kate Harborne has been developing v2.0 of her SimSpin package, which
generates integral field spectroscopic datacubes from simulated galaxies, and using it to generate
samples of SAMI/HECTOR and MAGPI survey. SimSpin v2.0 can now produce full spectral

energy distributions, incorporating the metallicities and ages of stellar populations, as well as gas
properties. Kate is working closely with several ASTRO 3D projects, providing the bridge between
Genesis data products and the specific project requirements.
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ASTRO 3D PhD student James Davies worked
with the BLUE TIDES simulation to investigate
the feasibility of experiments with the Square
Kilometer Array (SKA) to detect ionization by
the first stars and galaxies during the EoR. By
constructing mock observations, James showed
that stacking redshifted 21cm emission images
around optically identified bright galaxies could
allow HIl regions to be detected with the SKA
at z=9, during the EoR. As shown in Fig 3,
increasing the number of bright galaxies in the
stack improves the chances of detecting the
ionized region, as is evident from the change in
brightness temperature in the proximity of the
stacked galaxy.

ASTRO 3D PhD student Garima Chauhan studies
the relationship between neutral atomic hydrogen L e e i A e —
(HI) mass and host halo virial mass using the | EEE Intrinsic (Ng = 5) '
SHARK semi-analytical model and the prospects | A Best Match Halo Intrinsic (Ng z 5)

for its accurate recovery in current and forthcoming

galaxy surveys. HI stacking can be used to obtain _
a measurement of the Hl mass in a halo, but the | ~#- WAVES magnitude limit (Ng = 5)
shape of the recovered relation has been sensitive
to the technique used. By constructing mock

HIl and optical galaxy catalogs and applying the
different techniques that have been used in the
literature, Garima demonstrated that a combination
of effects influence both the halo mass and HI
mass estimates, but that future, deeper, galaxy
surveys such as 4MOST WAVES can more
accurately recover the intrinsic relation (see Fig 2).

Brightest Brightest 10 Brightest 30

M- GAMA magnitude limit (Ng = 5)

Finally, congratulations to several of our ASTRO
3D PhD students, who successfully completed
their PhDs - including Lucie Bakels, Garima
Chauhan, James Davies, and Dian “Pipit” Triani.

ASTRO 3D PhD student Adam Batten has
investigated how Fast Radio Bursts (FRBs) can be
used to probe ionized baryons in the intergalactic
medium (IGM). Using the EAGLE simulations | ) ) o : ) ]
to provide a mode ionized baryons in the IGM, : ' "12.0 12.5 13.0 "13.5 T 14.0
Adam computed the dispersion measure, which log1a(MyirIlMs])

corresponds to the integrated column density of
electrons along the line-of-sight, and was able to

deduce the mean relationship between dispersion Fig 2: Comparison of the neutral atomic hydrogen mass in galaxies associated
measure and the redshift of a source, accounting with galaxy groups as a function of galaxy group virial mass. The intrinsic
for realistic large-scale structure and the effects relation is given by the red line, while the symbols correspond to relations

Individual Stacking |

10 20
i (R~ eMpe)

s Rrightest Brightest 10 s Hrightest 30

: i recovered by the galaxy group finder based on selection criteria adopted by
of under- and over-dense regions along the line galaxy surveys (e.g. GAMA, 4MOST WAVES). From Chauhan et al. 2021.
of sight. This model is publicly available in the

Fig 3: From top left to top right, brightness temperature slices of the single, 10, and 30 brightest
simulated galaxies at z=9. The central region becomes clearer as more images are stacked.

As more galaxies are stacked, the detected deficit in brightness temperature along the
FRUITBAT python package. line-of-sight becomes evident, as shown in the bottom panel. From Davies et al. 2021.




2021 ANNUAL REPORT

=

ABOUT ME

| am interested in the physics of galaxies. Many processes occurred in galaxies across cosmic
time, from gas infall, gas cooling, star formation and the inflow/outflow. We get information about
these processes from the light we receive from them. The process of producing light in galaxies
also amazes me. We need to consider the stellar age, metallicity, surrounding dust and nebular
properties. My research is either modelling the physics in galaxy evolution or the physics involved
in galaxy emission. | have developed a new semi-analytical model that incorporates detailed
dust treatment, essential for gas cooling, star formation and galaxy spectra across UV to infrared.
This model will run on Genesis N-body simulations, giving us a very high resolution of the dust
properties. | have also developed a tool to generate UV to IR broadband spectra based on the
dust properties from the model. Now | am working on modelling emission-line properties, which
will provide a description of the molecular region around the stars in galaxies and help us tie the
simulation with the observations.

= DR DIAN (PIPIT) TRIANI

~  Postdoctoral Researcher
Australian National University

A ¢ Genesis

Y Galaxy Evolution

WHY ASTRONOMY?

| grew up in Lombok, a small island in Indonesia where you can clearly see the pristine night sky. |
often go to the beach to watch the stars and Milky Way, especially if the electricity is out (which is
scheduled, happens 1-2 nights a week). | guess that's how | got curious about the heavenly bodies
and started reading books and watching shows about Astronomy. When | finished high school, |
got a scholarship to study Astronomy at the University, and that's what really brought me to be an
astronomer.

WHAT | LOVE ABOUT ASTRONOMY

The intelligent way people infer what happened in the Universe from the very limited information
that we got (and how people designed the observations to get data). Also, the travels and
conferences where | can connect with like-minded people while chilling in beautiful locations.

WHAT | DON'T LOVE

The main challenge for me is the need to do international job hunting and constantly moving. We
always need to start over a life when starting out a position, my partner needs to find a job, we
need to make new friends, and we have to adapt to the new city.

IF | WASN'T AN ASTRONOMER, | WOULD BE...

Working in a gym full-time as a fitness or dance instructors (or maybe opening my own place). |
love dancing and am currently teaching Zumba as a hobby. | want to help people get healthy and
have fun while doing it.

A HIGHLIGHT IN 2021

| got an ASTRO 3D postdoctoral position, finished up my PhD thesis, passed my Viva (becoming a
Dr!) and moved to Canberra for my postdoc.

| SURVIVED COVID IN 2021 BY...

Lots of dancing, sometimes | offered a free online Zumba class and danced with my participants. |
also take long walks and meditation regularly. Online shopping and ordering bubble tea also help
when it gets tough. Doing these boosted the motivation | needed when writing my thesis. | also
tried to cut myself slack whenever | got demotivated during the lockdown.



2021 ANNUAL REPORT

RESEARCH REVEALS HOW STAR-MAKING P[!LLI.ITE'S THE COSMOS

Galaxies pollute the environment they exist in, researchers have found. .

A team of astronomers led by Alex Cameron and Deanne Fisher from the ARC
Centre of Excellence for All Sky Astrophysics in 3 Dimensions (ASTRO 3D) used a
new imaging system on at the WM Keck Observatory in Hawaii to confirm that what
flows into a galaxy is a lot cleaner than what flows out. The research is published
today in The Astrophysical Journal.

“Enormous clouds of ga% are pulled into galaxies and used in the process of making
stars,” said co-lead author Deanne Fisher, ass@ciate professor at the Centre for
Astrophysics and Supercomputing at Swinburne UniverS8ity in Australia. “On its way

in it is made of hydrogen and helium. By using a new piece of equipment called

the Keck Cosmic Web Imager, we werggable to confirm that stars made from this

fresh gas eventually drive a huge amount of material back out of the system, mainly *
through supernovae." -

“But this stuff is no longer nice and clean — it contains lots of other elements,

including oxygen, carbon, and iron.”
&

The process of atoms flooding into galaxies — known as ‘accretion’ — and their
eventual expulsion — known as ‘outflows’ — is an important mechanism governing
the growth, mass and size of galaxies. "

Until now, however, the composition of the inward and outward flows could only &
be guessed at. This research is the first time the full cycle has been confirmed in a
galaxy other thamthe Milky Way.

To make their findings, the researcherg focused on a galaxy called Mrk 1486, which  #
lies about 500 million light years from the Sun and is going through a period of very
rapid sEar formation.

£l
E g

GALAXIES PUMP OUT CONTAMINATED EXHAUSTS

“We found there is a very clear structure to how the gases enter and exit,” explained Dr Alex
Cameron, who has recently moved from University of Melbourne in Australia to the UK’s
University of Oxford.

“Imagine the galaxy is a spinning frisbee. The gas enters relatively unpolluted from the
cosmos outside, around the perimeter, and then condenses to form new stars. When those
stars later explode, they push out other gas — now containing these other elements — through
the top and bottom.”

]l
The elements — comprising more than half the Periodic Table — are forged deep inside the

cores of the stars through nuclear fusion. When the stars collapse or go nova the results are
catapulted into the Universe — where they form part of the matrix from which newer stars,
Planets, asteroids and, in at least one instance, life emerges.

"
Mrk 1486 was the perfect candidate for observation because it lies “edge-on” to Earth,
meaning that the outflowing gas could be easily viewed, and its composition measured. Most
galaxies sit at awkward"angles for this type of research.

- E
“This work is important for astronomers because for the first time we’ve been able to put limits
he forces that strongly influence how galaxies make stars,” added Professor Fisher.

one step closer to understanding how and why galaxies look the way they do —
hey will last.?

O _Con J to the work are based at the University of Texas at Austin, the
Univers aryland at ( ge Park, and the University of California at San Diego — all in
thesUS — plus the Universidad de Concepcion in Chile.

Animation and stills available at www.scienceinpublic.com.au

Galaxies pump out contaminated exhausts,
Credit: James Josephides, Swinburne Astronomical Productions.
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DATA INTENSIVE ASTRONOMY - DIA

he Data Intensive Astronomy (DIA) program facilitates better access to tools,
technology, infrastructure and training for ASTRO 3D researchers working with large
datasets and in high-performance computing (HPC) environments.

It does this by working with national infrastructure providers, and by the sharing of
expertise between ASTRO 3D researchers. As much of the ASTRO 3D science involves world-
leading surveys and large data sets, our ability to process our data in a timely and efficient
manner is critical to our success.

2021 PROJECT HIGHLIGHTS

In 2021 the DIA team at Swinburne released the new Vis3D data visualisation tool in TAO. Vis3D is
launched from the catalogue page of an already built mock galaxy catalogue and allows the user
to interactively explore their data in three dimensions within the browser. Filters can be applied

to cut the data on any (and multiple) galactic or halo properties to focus on the science of most
interest. Various views into the data can be saved, and each can be downloaded locally for further
analysis. Vis3D also makes visually striking images for talks, papers, and outreach.

As also reported under ASKAP HI surveys, the SoFiA source-finder development team, led by
Al Tobias Webster, published their SoFiA2 paper, which describes the performance of a new,
parallelised version of their freely available code. A number of international teams used SoFiA
in the latest SKAO Science Data Challenge. SoFiA was the top-ranked ‘blind’ source-finder, and
came in at third overall as judged by a set of metrics related to completeness, reliability and
parameterisation accuracy.

Macquarie University joining ASTRO 3D as a node in 2021 brought the Data Central team directly
into the Data Intensive Astronomy efforts of ASTRO 3D. In addition to enhancing the Centre’s
cross-project collaborations (see later), Data Central plays a key role in integrating international
data archives with ASTRO 3D data sets. In particular, the new Data Central “Data Aggregation
Service” now connects data held in the ESO archive with data in the Data Central system, using
Virtual Observatory interoperability standards. Users can now search for objects and the system
will query the ESO Table Access Protocol (TAP) service and download and reduce associated
images and return them to the user with Data Central (and other) catalogues overlaid, thus
enhancing the searchability and usability of ESO and ASTRO 3D data sets.

2021 PERSONNAL HIGHLIGHTS

Congratulations to ASTRO 3D postdoc Manodeep Sinha (Swinburne) who was successfully
promoted. Manodeep’s EMCR membership of the National Committee for Astronomy entered its
second year, where he was able to make contributions and submissions on subjects related to
career development for Research Software Engineers and best practice for software publication
and citation.

Thanks to Vitaliy Ogarko who departed for a new position in Geoscience. Vitaliy made fine
contributions to the improvement in functionality and performance of ASKAP calibration
algorithms and, during his time at ASTRO 3D, also contributed to a number of cross-disciplinary
studies relating to sub-surface imaging!

Two new hires will shortly be made at Macquarie to support ASTRO 3D surveys.

Catalogion 3510, Colour-coded by SD85_ g Absslute

Figure 4: the new Vis3D tool of the Theoretical Astrophysical Observatory

(TAO) allows users to interactively explore mock galaxy catalogue data.
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Figure 5: the worldwide distribution of software teams and computing facilities

involved in the recent SKAQO spectral-line data challenge (credit: SKAO,).
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Figure 6: An example query using the Data Central “Data Aggregation Service”, seamlessly

merging multiple archival data sets from Data Central (e.g. SkyMapper imaging), ESO, and others.

CROSS-PROJECT COLLABORATIONS

The Optical Data Centre (ODC) is an NCRIS-funded project that brings together the data services
of Data Central and SkyMapper. It is jointly operated by Macquarie, ANU and NCI, and supports
access to data from SAMI (and in the near future, Hector), GALAH and MAGPI for ASTRO

3D astronomers. The ODC uses VO protocols to provide easy access to spectral and multi-
wavelength data (e.g. using the Data Aggregation described above). The next phase is to expand
on these services, giving convenient access to multiple ASTRO 3D surveys via one interface. This
will also include a pilot for access to theory data for the MAGPI survey.

The Data Intensive Astronomy team also continues to engage with national supercomputing
providers, Pawsey and NCI, commercial providers such as DUG, cloud computing providers,
partner organisation CSIRO, and the newly formed AusSRC consortium to ensure the delivery of
adequate resources to ASTRO 3D simulators and the radio astronomy teams - ASKAP HI survey
and MWA-EOR.
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ABOUT ME

My goal is to understand *which* galaxies live in *what* dark matter halos - *the galaxy-halo
connection®. | generate synthetic galaxies by applying empirical methods to cosmological N-body
simulations' dark matter halo assembly histories. Since we have vast galaxy surveys with *real*
galaxies, | can compare how closely the synthetic galaxies resemble the real Universe. To get

a statistically robust understanding of the galaxy-halo connection, repeating this comparison

with a Bayesian method allows us to constrain the key parameters that control the galaxy-halo
connection - i.e., *which* galaxies live in *what* halos.

Over the past few years, | have become interested in not just the "why" of research but also the
"how" and "who". For example, | am interested in "how" we develop and credit "research software"
as a critical ingredient in the research process. For the "who", | see that the field of Astronomy
needs to be more inclusive - gender equity is a key focus of ASTRO 3D, but there are a host of
other social attributes that are missing. How we go about improving equity is a complex topic and
needs significant participation from the most privileged researchers in Astronomy to have any
hopes of progress.

OR MANODEEP SINHA

i Postdoctoral Researcher
Swinburne
Date Intensive Astrronomy

WHY ASTRONOMY?

When | was in 7th grade, | was fascinated by the book called "Essays about the Universe" by Boris
Vorontsov-Vel'yaminov. This book piqued my interest so much that | wanted to pursue a career

in Astronomy. However, | knew that getting an undergraduate degree in Physics (or Astronomy)
might be risky - | worried that my job prospects would be bad if | did not like Astronomy halfway
through my undergraduate degree. |, therefore, decided to get an (Electrical) Engineering

degree and then pursue Astronomy both during that degree and afterwards if | continued to like
Astronomy. Turns out that | continue to be interested in Astronomy nearly 20 years later.

For my PhD thesis, | had to work with Vorontsov-Vel'yaminov catalogue of interacting galaxies.
The name had sounded familiar, but | made the connection years later.

WHAT | LOVE ABOUT ASTRONOMY

| like the pursuit of a complex research problem and finding out (on the rare occasions) *why*
something is the way it is. Since | predominantly work with enormous simulated datasets, | enjoy
creating high-quality software that lets me explore, analyse and visualise these datasets.

WHAT | DON'T LOVE

Moving internationally, leaving friends and family behind, and adjusting to different cultures and
expectations is extremely challenging.

IF | WASN'T AN ASTRONOMER, | WOULD BE...

Realistically, | would have been a statistician, but if | were to construct a fantasy occupation, it
would be a train driver on the vast Indian Railways train network (I **love** trains).

A HIGHLIGHT IN 2021

| found out that my first-author software paper ([Corrfunc](https://ui.adsabs.harvard.edu/
abs/2020MNRAS.491.3022S/abstract), a software package for computing correlation functions)
was the highest-cited paper with a Swinburne (CAS) first-author - that was a pleasant surprise :)

| SURVIVED COVID IN 2021 BY...

COVID has been a blur, somewhat due to the pandemic but additionally, due to changed life
circumstances - we became parents in Feb 2020. His name is Nikhil Sinha-Piscionere, and
watching him grow up has been an absolute joy! Fatherhood, then, has been my secret to
surviving the pandemic and the near-constant lockdowns here in Melbourne.


https://www.goodreads.com/book/show/19439269-essays-about-the-universe
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MWA EOR

he cosmic dawn marks the birth of the first generations of stars in the Universe, only
200 million years after the big bang.

Their birth begins one of the largest cosmic-scale transitions in the history of the
Universe - the epoch of reionisation

When the strong ionising light from the remnants of these stellar systems evaporated the fog of
neutral hydrogen gas that filled the Universe, it left the transparent and ionised Universe we see
today.

We use the radio emission line from the hyperfine transition of neutral hydrogen to trace the
evolution of stars in this early period, more than 13 billion years in our past. The radio light is
stretched by cosmological expansion to low radio frequencies, where we can study the signal
with the Murchison Widefield Array (MWA) telescope, located in the Western Australian outback.

The structure of the hydrogen signal encodes key information about the physical conditions
around the first stars and galaxies, and details of the early evolution of the Universe. International

experiments have started to provide clues about the signal at these early times, but we have yet
to detect the signals that tell us about the spatial structure and answer questions such as when
and how the first stars formed, and what role black holes played in shaping the Universe we see
today. The MWA Epoch of Reionisation program is taking thousands of hours of observations of
the sky to extract this weak and ancient radio signal from all of the noise created from the rest of
the Universe, and our own signals on Earth.

MURCHISON WIDEFIELD ARRAY EPOCH OF REIONISATION -

NNILZEE
2021 PROJECT HIGHLIGHTS

The project has achieved a number of major milestones over the past year.

In the methodology program, these include the publication and implementation of the new Long
Baseline Epoch of Reionisation Survey (LoBES) by Dr Christene Lynch, forming the new input sky
model for the MWA EoR program. LOBES is being hosted on DataCentral for the international
community, and will be used as the sky model catalogue for the Third SKA Data Challenge.

On larger scales, PhD student Mike Kriele produced the first m-mode all-sky images from the
EDAZ2 array, providing us with a basis for modelling the diffuse emission in the sky. From an
instrumentation perspective, PhD student Aman Chokshi led work to carefully map the telescope’s
response to the sky, using precision measurements from the Orbcomm satellite network as it
passed over the array. Through this work we can better understand what the sky looks like to the
telescope.

Dr Chris Jordan has the first release of the Hyperdrive software operating on the Pawsey
Supercomputing Research Centre. This major pipeline development ingests legacy and MWAX
data, and performs flexible calibration, and is expected to replace the RTS software over the
coming two years. MWA EoR has also received support through the AusSRC program with Mx Dev
McElhinney providing pipeline development for MWA and future SKA. Dr Bart Pindor continued to
improve the existing RTS pipeline to treat the bandpass behaviour more accurately, and initiated
the application of a new technique to use ionospheric information to improve calibration.

PhD student Kariuki Chege has been testing how deeply foreground galaxies should be removed
from the dataset, given the information available, prior to using these lessons for improved power
spectrum upper limits. New PhD student Jaiden Cook has used modelling of extended radio
galaxies and supernova remnants in the EoR2 field to demonstrate that 99% of their signal needs
to be removed before the EoR can be detected. This work complements Dr Ben McKinley’s deep
modelling of the large and bright Centaurus A radio galaxy.

This work also leads into the broader use of realistic simulations to test our data analysis
methodology and augment the sky model. Dr Jack Line has been developing and testing the
WODEN software to provide the testbed dataset for our experiment.

Scientifically, there were two major power spectrum results publications. Dr Shintaro Yoshiura
published the deepest upper limits in the Epoch of X-ray Heating, pushing the MWA observing
program to lower frequencies and broadening its scope. Completing PhD student, Mahsa Rahimi,
led an analysis of data from the EoR1 field, applying several data analysis improvements to her
pipeline to achieve competitive results. In addition to these, Cl Assoc Prof Cathryn Trott published
a paper constraining the temperature of the hydrogen gas around Lyman-alpha emitting galaxies
detected with the Subaru Silverrush survey, in a new use of MWA data.

The MWA commissioned the new MWAX data correlator in November 2021, and MWA EoR was
poised to be the first to process the new data. The upgraded correlator allows more flexible
observing modes, and paves the way for the new receivers which will significantly improve the
signal chain.

One of 256 'tiles' belonging to the Murchison Widefiled Array (MWA) radio telescope.

Credit: Pete Wheeler
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Figure 7: Sky map of the EoR1 observing field, showing dashed contours of
the MWA sky response at 80-100 MHz. Yoshiura et al 2021, “A new MWA
limit on the 21 cm power spectrum at redshifts 13-177, Monthly Notices of

the Royal Astronomical Society, VVolume 505, Issue 4, pp.4775-4790

2021 PERSONNEL HIGHLIGHTS

The following awards were received by project members in 2021.

1. CI Prof. Rachel Webster received 2020 Australia Day Honours as an Officer of the Order
of Australia for distinguished service to education in the field of astrophysics, astronomical
research, and to young women.

2. CI Prof. Cathryn Trott was awarded theNancy Millis Medal for Women in Natural Sciences,
Academy of Science.

3. Postdoc Dr. Nichole Barry was awarded the Forrest Research Fellowship. Nichole also received
ADACS support for porting of the FHD software to Python.

4. Postdoc Dr. Ben McKinley was elected as the Deputy Principal Scientist for the MWA
telescope.

We welcomed new member PhD student Jaiden Cook at Curtin in September. Congratulations to
the following students who completed their PhDs this year: Mahsa Rahimi (under review), Ronniy
Joseph and Bella Nasirudin.

CROSS-PROJECT COLLABORATIONS

MWA EoR has established new connections with Galaxy Evolution, through Dr Anshu Gupta,
who has joined the Curtin node as an ASTRO 3D Fellow. Anshu’s EoR analogs work at z=2-4, and
identification of Lyman-alpha emitters in MUSE fields at z=6, overlaps with the 21cm work being
undertaken with the MWA.

We continue to work closely with the Genesis team, including MWA data model interpretation
work with Dr Brad Greig and Dr Yuxiang Qin at the University of Melbourne node, and work with
the Genesis simulation boxes with Professor Chris Power at the UWA node. Internationally we
continue to work very closely with the University of Washington and Partner Pl Miguel Morales.

() SOBXX [Zenith) (i) SOBXX [2]

i) SOBYY [Zenith) (will) S08YY [2]

Figure 8: MWA primary beam sky response, mapped via passes over
the array of an Orbcomm satellite (top), and difference compared with
model (bottom). Chokshi et al 2021, “Dual Polarization Measurements

of MWA Beampatterns at 137 MHz”, Monthly Notices of the Royal
Astronomical Society, Volume 502, Issue 2, pp.1990-2004
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ABOUT ME

| am Node leader at Curtin University, and | am also one of the projct co-leads of the EoR project
with the Murchison Widefield Array (EOR MWA). | co-lead the project with Rachel Webster who is
based at the University of Melbourne. Together, we collectively oversee about 10 researchers and
a similar number of students within this project, The project itself is embedded in an international
collaboration where Australia plays a major role and we have many partner organisations.

WHY ASTRONOMY

| grew up in the outer suburbs of Melbourne. In those days, the night sky of Melbourne was

quite dark so | could go out at night and see the stars and the magellanic clouds. | didn’t have

a telescope, | didn’t have that opportunity but | did have parents that were really interested in
promoting science and our interests. So we’d watch Qantum on the ABC each week. They’d take
me to musuems and when | had a bit of an interest in astronomy they really promoted that and
motivated me to pursue that as much as | could. | think just being able to go out and see the night
sky and look up and wonder was the thing to me that really kept my interest going and engaged
me.

WHAT | LOVE ABOUT ASTRONOMY

What | love about Astronomy is getting to spend time thinking about the Universe, and doing it
with amazing people who are so talented, passionate and insightful. We are so privileged to get
to do this for a job!

WHAT | DON'T LOVE

The hardest thing in Astronomy is timezones. | am not a nighttime person, and evening meetings
and conferences are so, so hard when you're exhausted. | never would have made a good optical
astronomer, always falling asleep at the ANU 2.3m by 2am!

IF | WASN'T AN ASTRONOMER, | WOULD BE...

An Archaeologist. Growing up | was always really interested in ancient civilisations. | really enjoy
reading and exploring new things, so | think archaeology would be something | would try.

S = > PROFESSOR CATH TROTT

“ee Chief Investigator

L = By Node Leader
Curtin University
MWA EoR Survey Lead

A HIGHLIGHT IN 2021

The 2021 ASA Annual Scientific Meeting, run via a hub model, was a real highlight. It felt like we
were all together and part of one community again, even though so many people were clearly
struggling with different restrictions and lockdowns.

| SURVIVED COVID IN 2021 BY...

Getting outside as much as possible, and enjoying nature, especially on hikes with friends.

Lots of walking, cycling, and breathing the fresh air. We were also lucky enough to have live
performances in Perth, so a few trips to the symphony and my daughter's dance competitions also
helped!
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CLOSING IN ON THE FIRST LIGHE IN-THE UNIVERSE -~
RESEARCH USING NEW ANTENNAS IN THE A[IS.'I"RA'I.IA.; \ HINTE \ IGHT US CLOSER TO FINDING A 13-BILLIDN-YEAR-
DLD SIGNAL A - e *

any other radio sources that are much brighter than the EoR signal lying between
' like trying to hear someone whispering from across the room, when between you
rson there are thousands of other people shouting as loudly as possible.

The early Universe was dark, filled with a hot soup of opaque particles. These condensed to form .;._.*_f-
neutral hydrogen which coalesced to form the first stars in what astronomers call the Epoch of - B
Reionisation (EoR). :

“Finding the weak signal of this first light will help us understand how the early stars and galaxies ) the new tiles and thus expanding the physical area over which the antenna work we
formed,” says Dr Christene Lynch from ASTRO 3D, the ARC Centre of Excellence for All Sky " A £ W 2 )| educe a lot of that interference. As more and more of the tiles are added in, we'll
Astrophysics in 3 Dimensions. g o -t : - I e o . ; e c : -f tter chance of finding the echo of that first light.”

Dr Lynch is first author on a paper published in Publications of the Astronomical Society of i 1 o - op, g TR n ; . olleag §' m ASTRO 3D and the Curtin University node of the
Australia. She and her colleagues from Curtin University and the International Centre for Radio ¥ : i - . - S b e o e lio Astronomy Research.

Astronomy Research have reduced the background noise in their observations allowing them to * ; =1, S N e e b o

home in on the elusive signal. B g L T i 7 Ty - = e d more than 80,000 radio signal sources, taking 16 spectral measurements for each.

results, they produced real and simulated models in which the noisiest foreground

The team worked with new equipment installed on the Murchison Widefield Array (MWA), a radio als ‘were reduced by a factor of three.

telescope situated inland and some 800 kilometres north of Perth. -
h of Reionisation signal started life as a hydrogen atom radio wavelength of 21

The MWA started operation a decade ago. One of its aims is to find the radio wave signature s,” explained Dr Lynch.

that first light, known as the Epoch of Reionisation, or “EoR." 3 .

.
- i

. ' L il e =) M b '_ - ¥y g - r the intervening billions of years it has been stretched and grown very, very faint. It's clear
It comprises multiple low-frequency “antenna tiles” which work together to search the sky for tl ; o wl N our new LoBES sky model will significantly improve efforts to properly locate it.”

faint remnant of the out-pouring of ionised hydrogen atoms that accompanied first light, which e ' o i : =g _ g ,

began around 500 million to one billion years after the Big Bang. ] N ‘éuthor Professor Cathryn Trott an ASTRO 3D Chief Investigator with ICRAR and Curtin, added:
. o 2 : oo p B Rt _ jS is our qeepest and most detailed view to-date of the radio sky in these EoR fields, and this
Recently the number of antenna tiles was doubled from 128 to 256, significantly extending the ' e, o T i . : I new catalogue.prowdes us with a cleaner path to locating the EoR signal — a detection that will be

land area occupied by the facility — and greatly upping its power. .- i a'\kry mgjorﬁchlevement for astronomy.”

By combining some of the existing tiles with 56 of the new ones, ARC Centre of Excellence for All
Sky Astrophysics in 3 Dimensions scientist Dr Christene Lynch and her team were able to run a
new sky experiment, called the Long Baseline Epoch of Reionisation Survey (LoBES), to refine the
hunt for the long-sought signal.

“Our challenge is that the Universe is very, very crowded,” Dr Lynch explained.

Image: Dr Christene Lynch at the MWA

Credit: Dr Christene Lynch

MEDIA RELEASE- CLOSING IN ON THE FIRST LIGHT OF UNIVERSE DECEMBER 21
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FIRST STARS

Pk — 10'K em? 2021 PROJECT HIGHLIGHTS

The question of the masses of the first stars has been investigated by PhD student Piyush Sharda
(ANU) and Al Mark Krumholz (ANU) in a accepted by MNRAS. The authors explored

the role of metallicity in governing the thermodynamic behavior of gas clouds collapsing and
fragmenting under gravity, and the consequences for the characteristic mass of the stars formed
in the collapsing clouds. As illustrated in Fig. 9 (upper panel), the calculations show that in low-
pressure environments like our own Milky Way galaxy, the characteristic mass transitions from
approximately 50 times the solar mass at the lowest metallicities (far left), representing zero
metallicity in the distant past, to just 0.3 solar masses at the solar metallicities seen in the present-
day interstellar gas. The results are largely independent of the velocity dispersion in the gas
clouds and strongly suggest that no genuine first stars are likely to have survived to the present-
day in the Milky Way.

he First Stars team investigates the properties of the first stars through several
different avenues.

First, we perform supercomputer simulations that predict how the first stars would have

formed. Next, we perform simulations of how those massive stars and their supernovae
at the dawn of time enriched the interstellar gas with heavy elements. Finally, we measure the
chemical composition of the oldest stars alive today, and compare these results to the theoretical
predictions to challenge our understanding of these processes.

The Universe was created in the big bang some 13.8 Billion years ago. The very first stars
formed a few hundred million years later and were made up of only hydrogen, helium and lithium.
The nature of the first stars, and whether any could have survived to the present day, however,
remains one of the hottest topics in modern cosmology and astrophysics.

The evolution of the chemical elements in the Milky Way has been studied in a recent
led by Al David Yong (ANU) published in MNRAS that gives detailed chemical abundances for
P/kB — 108 Kem ™2 150 metal-poor stars whose iron abundances range from less than 1/10,000th to 1/125th of the
solar iron abundance. The stars studied in the paper originated from the spectroscopic follow-
up at the ANU 2.3m telescope of a sample of candidate extremely metal-poor stars selected
o, = 1.0kms™! from SkyMapper Southern Sky Survey photometry. The data facilitate a direct comparison with
the predictions of chemical evolution models. This is illustrated in Fig. 10 where the abundances
of a number of elements relative to that of iron are plotted
o Figure 9: Top panel: Characteristic stellar mass, against the .iro.n abundance. The agr'eem.ent between the
oy =4.0kms Mch, as a function of metallicity for a fixed model predictions and the observations is generally good.
. =5.0kms™! cloud pressure P/kB = 1074 K cm-3, typical of The small scatter in the [X/Fe] values for elements such as
thedM//ky Wc’y’;t d/ffehrent e.ffetﬁt/v/e ve/OdC/ty Mg, Ca, Ti and Ni illustrates that the production of these
ISPEISIONS 2V G5 SROWR In the Iegend. elements is tightly coupled to that of iron. On the other hand,
Bottom panel Same as the top panel but at a high  RaEEsSClaliEIIVAEIe[Slglot: 1a = g IR INCIe N =V IR {eI@ (=N e]g)s

pressure (/Zf_’/kf__: 70/‘? K Cgf)’;ypgl;cﬁl ofzta/rbgrg% elements C and N, and for the neutron-capture elements Sr
en\%ﬁlrknz\\egnl% prlggsredg(/)l%.708&//?7[7@5%%5/)22’927. & and Ba, reveals the requirement for additional nucleosynthetic

processes for these elements.

1

In particular, to survive to the present-day, a genuine first star must have formed with a mass
approximately equal to or less than the mass of the Sun. However, no such stars are known at
the present time, which likely indicates that only massive stars formed immediately after the Big
Bang: the short lifetimes of massive stars means that none would have survived to the present-
day.

— 0, = (.0 kms™

o, = 2.0kms™!

oy = 3.0kms™!

Nevertheless, the evolution of these stars was responsible for producing the elements from
carbon onwards, and they have strongly influenced how subsequent generations of stars
and galaxies formed and evolved. In particular, since different elements are made in different
amounts in stars of different mass, we can use the abundances and abundance ratios in
extremely metal-poor (and likely very old) stars to learn about the evolution of the chemical
elements in our Galaxy.

A further important result in the Yong et al. paperis a



https://academic.oup.com/mnras/article/509/2/1959/6385767
https://academic.oup.com/mnras/article/507/3/4102/6321844
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determination of the metallicity distribution function (MDF). The MDF reveals how the number of those in the ‘second generation’ that were the first to form after the first stars of primordial expertise in stellar evolution and in the
metal-poor stars changes with changing iron abundance. As shown in Fig. 11, the MDF decreases composition. synthesis of the elements. specifically
rapidly with decreasing iron abundance: for -4 < [Fe/H] < -3, the MDF has a logarithmic slope of in Asymptotic Giant Branch stars and in
-1.5 dex/dex, meaning that for every 30 stars at [Fe/H] = -3, only one is expected at [Fe/H] = -4, The so-called “second cosmological lithium problem” stems from existing claims of the detection supernovae.
testifying to how rare the most metal-poor stars are. An abrupt change in slope of the MDF is of 6Li in metal-poor dwarf stars: standard Big Bang nucleosynthesis is not expected to produce
visible at [Fe/H] ™ -4 with stars below that metallicity even rarer. The observed MDF provides any 6Li. PhD student Ella Wang (ANU) has investigated this problem by analyzing high-resolution, Similarly, faculty, post-docs and students :
important input for theories of the formation of low-mass stars at the lowest metallicities, including  high signal-to-noise ratio spectra for three metal-poor dwarf stars. at UNSW and Macquarie bring expertise ==== pstfitslope=1.51 001
in studying stellar streams in the halo of :
3 _'rll_ : ] 3 Mgl The spectra were obtained with the ultra-stable ESPRESSO spectrograph on the Milky Way. Such streams, originating
o = 0.38: Na340 o = 0.20: N=384 ESO’s Very Large Telescope in Chile. The analysis used the latest 3D non-local from disrupted dwarf galaxies and
> thermodynamic equilibrium radiative transfer models and resulted in a consistent globular clusters, play a vital role in
] R B Oy B ][] [ T —— _— non-detection of 6Li in all three stars, with upper limits well below the previous understanding the build-up of the stellar
claimed 6Li detections. halo. The expertise of Partner Investigator
Chiaki Kobayashi (Univ. of Hertfordshire)
- The results are in a accepted by MNRAS and indicate that the “second in nucleosynthesis modeling is also an
EI-I_- 0.31: N=235 : cosmological lithium problem” is spurious. asset to the First Stars research program.

- = - .
— — - ] [ . The detailed work by ASTRO 3D post-
"""""" 2021 PERS“NNEL HIGHLIGHTS doi Tﬁoanlwzs Klvs:dla:der (ANU) or?(s)’fellar —65-60-55-50-45-40-35-3.0

______ atmospheres, particularly in regard to [FE.-"H]
calculating the effects of 3D and Non-
Local Thermodynamic Equilibrium on
derived abundances, is beneficial to
both the GALAH and First Stars research
programs.

The addition of the new nodes brings new expertise into the First Stars project. In
il o o particular, faculty and their post-docs and students at Monash bring considerable
o = 0.17: N=388 2 o= 0.18: Na374 21" o = 0.34: Ne26R
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Figure 10: The abundances of elements from C to Ba, relative to iron and
denoted by [X/Fe], are plotted against iron abundance [Fe/H] for the
sample of metal-poor stars discussed in Yong et al. (2021, MNRAS, 507,
T T e e T v | BT 3 ¥ ¥ ' . | g, R ¥ 4102). The data are in orange and are represented by using generalized

Col il Srll Ball ; ,
o 0,28 Na328 Mgt TR T 1 2 BN AS Hoasa oo 0.7d: Ne328 histograms of width 0.15 dex for [Fe/H] and 0.30 dex for [X/Fe]. Average

Figure 11: The metallicity distribution function (MDF)
for extremely metal-poor stars, denoted by @,
is shown in the form of a generalized histogram
(black lines) using a logarithmic scale. The MDF
slope for -4 < [Fe/H] <=3 is shown as the red
dashed line, while shown as blue crosses is the
MDF from the independent study of Youakim
et al. (2020, MNRAS, 492, 4986) normalized at
[Fe/H] =-3.05). The agreement between the two
studies is excellent. Figure from Yong et al., 2021,
MNRAS, 507, 4102, doi:10.1093/mnras/stab/2001.

values for the data are overplotted as filled circles, and the dashed
. blue lines are predictions from a Galactic chemical evolution mode/
............ s TETTT - R PP — by Kobayash/" Karakas & Lugoro (2020, ApJ’ 900. 779) F/’gure from
' Yong et al., 2021, MNRAS, 507, 4102, doi:10.1093/mnras/stab/2001.
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ABOUT ME

My research focuses on understanding the lives of stars of similar mass to the Sun. To do this

| use a variety of methods, from 1D and 3D computer simulations to various types of telescope
observations such as spectroscopy and asteroseismology. Stars are central to our understanding
of the Universe since they produce almost all the elements in the periodic table, and most of
what we know about the Universe has been derived from starlight. | have a particular interest
in the oldest stars in the Universe, which was the topic of my PhD, and this is where | contribute
to the First Stars Project in ASTRO 3D. My simulations are also used to interpret more modern
stars observed in the huge GALAH Survey. The ancient stars | model formed very early in the
Universe's history but we can still see some of them today since they live for billions of years.
Encoded in their starlight is the history of the early Milky Way, as well as the history of the stars
themselves.

WHY ASTRONOMY

As a child being an astrophysicist was never on my radar. | first became interested in astronomy
while camping in National Parks in my late teens. There | would see the dark sky, and the
staggering number of stars, of varying colours and brightness. | began to wonder what those stars
were, so | read up on them and bought a small telescope. Luckily my university had an astronomy
course, so | was able to study it formally, and | ended up doing a PhD on stars!

OR SIMON CAMPBELL

Affiliate

Monash University
Y First Stars

CIA\WAY o

WHAT | LOVE ABOUT ASTRONOMY

Astronomy is a universal interest - everyone can relate to the wonder of the night sky and
space. It also seeks to answer some of the biggest questions we have as humans: Where did we
come from? Where are we? Are we alone? What is the nature of the Universe? As an astronomy
researcher | feel very privileged to be able to contribute to the growing understanding of our
Universe.

WHAT | DON'T LOVE

Although astronomy sounds like a 'romantic' career (it can be sometimes!), for example looking
through the eyepieces of telescopes at beautiful objects, it actually involves many, many hours
wrestling with data and computer codes. This can be frustrating and monotonous at times. The
other negative is the lack of job security - there are not many ongoing jobs in the field so most
astronomers end up leaving to work in other industries.

IF | WASN'T AN ASTRONOMER, | WOULD BE...

If | wasn't an astronomer | would probably be a climate researcher, since | think we need as many
people as possible working on this global problem. Alternatively | might be an investigative
documentary maker. Both involve research, so | guess generally if | weren't an astronomer, | would
be a researcher of some sort.

A HIGHLIGHT IN 2021

A highlight in 2021 was a study in which we investigated the mystery of the "Super Lithium

Rich" giant stars. These are stars that contain around a thousand times the lithium of the Sun,

for unknown reasons. The strength of our study was in the way it combined many types of
observations of the stars - asteroseismic, spectroscopic, astrometric - as well as detailed stellar
models. Through this combination of observations and theory, we found strong evidence to show
that the Super Lithium-Rich stars are almost all very young core-helium burning stars, which
indicates that possibly all low-mass stars (like the Sun itself) go through a super-lithium-rich phase.

Another 2021 highlight was the culmination of a large international collaborative project on 3D
models of stars. 3D models of stars are relatively new, since they require large supercomputers

to run. In this study we compared the results of five multidimensional stellar hydrodynamics

codes from different international groups. The reason for doing this was to check if different,
independent, codes give the same results for a standard stellar-like test problem. The results were
very reassuring - all the codes agreed. This has given the international community much more
confidence in the new field of multi-dimensional stellar simulations, a field which aims to improve
our modelling and understanding of stars, since these huge simulations are very detailed and
contain much more physics than traditional 1D simulations.

| SURVIVED COVID IN 2021 BY...

In some ways astronomers were better set up for the COVID-19 pandemic than most, since we
were already having some national/international meetings online. Indeed, due to climate change
there is a movement in astronomy to do this more, to avoid the carbon emissions from flying so
much. That said, telescope facilities were impacted a lot in some cases, so this did slow down
research. As a parent with a primary-school-aged child, home learning added an extra load, also
reducing productivity. On the bright side | got to see my family a lot more that usual.
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NEW TYPE OF MASSIVE EXPLOSION EXPLAINS MYSTERY STAR

‘MAGNETO-ROTATIONAL HYPERNOVA' SOON AFTER THE BIG BANG FUELLED HIGH LEVELS OF URANIUM, ZINC IN ANCIENT STELLAR 0DDITY

A massive explosion from a previously unknown source — 10 times more energetic than a “The extra amounts of these elements had to come from somewhere,” said Associate Professor hypernova. No one’s ever found this phenomenon before.”
supernova — could be the answer to a 13-billion-year-old Milky Way mystery. Chiaki Kobayashi from the University of Hertfordshire, UK.
i J200322.54-114203.3 lies 7500 light-years from the Sun, and orbits in the halo of the Milky Way.
Astronomers led by David Yong, Gary Da Costa and Chiaki Kobayashi from Australia’s ARC “We now find the observational evidence for the first time directly indicating that there was a .
Centre of Excellence in All Sky Astrophysics in 3 Dimensions (ASTRO 3D) based at the Australian differént kind of hypernova producing all stable elements in the periodic table at once — a core- Another co-author, Nobel Laur&ate and ANU Vice-Chancellor Professor Brian Schmidt, added, “The
National University (AN)) have potentially discovered the first evidence of the destruction i collapse explosion of a fast-spinning strongly-magnetized massive star. It is the only thing that high zinc abundance is definite marker of a hypernova, a very energetic supernova.”
of a collapsed rapidly spinning star — a phenomenon they describe as a “magneto-rotational ¥ explains the results.” r
hypernova”. ' ' i Head of the First Stars team in ASTRO 3D, Professor Gary Da Costa from ANU, explained that the
Hypernovae have been known since the late 1990s. However, this is the first time one combining star was first identified By a project called the SkyMapper survey of the southern sky.

The previously unknown type of cataclysm — which occurred barely a billion years after the both rapid rotation and strong magnetism has been detected. "
Big Bang — is the most likely explanation for the presence of unusually high amounts of some ] “The star was first identified as extremely metal-poor using SkyMapper and the ANU 2.3m
elements detected in another extremely ancient and “primitive” Milky Way star. That star, known “It’'s an explosive death for the star,” said Dr Yong. “We calculate that 13 billion-years ago telescope at Siding Spring Observatory in western NSW,” he said. “Detailed observations were
as SMSS J200322.54-114203.3, contains larger amqunts of metal elements, including zinc, J200322.54-114203.3 formed out of a chemical soup that contained the remains of this type of then obtained with the European Southern Observatory 8m Very Large Telescope in Chile.”
uranium, europium and possibly gold, than others of the same age. ' g 4 .

= ASTRO 3D director, Professor Lisa Kewley, commented: “This is an extremely important discovery

Neutron star mergers — the acceptedisources of the material needed to forge them — are not

enough to explain their presence. The astronomers calculate that only the violent collapse of a i
very early star — amplified by rapid rotation and the presence of a strong magnetic field — can '
account for the additional neutrons required.

that reveals a new pathway for the formation of heavy elements in the infant Universe.”

] - . Other members of the research team are based at the Massachusetts Institute of Technology in the
US, Stockholm University in Sweden, the Max Planck Institute for Astrophysics in Germany, [taly’s

i Istituto Nazionale di Astrofisica, and Australia’s University of New South Wales.

The research is published today in the journal Nature.

“The star we’re looking at has an iron-to-hydrogen ratio about 3000 times lower than the Sun —
which means it is a very rare: what we call an extremely metal'—poor star,” said Dr Yong, who is
based at the ANU. i 5 "ub
I

“However, the fact that it contains much larger than expected amounts of some

”

eans tha even rarer — a real heedle in a ha 3
e ——
The first stars+in the Universe were made almost entirely of hydrogen and heliu
collapsed and exploded, turning into neutron stars or black holes, producing he %
which became incorporated in tiny amouqts into the next generation of stars:— the oldes
existence.

i
Rates and energies of these star deaths have become well known ifi recent years, so the amount

of heavy elements they produce is well calculated. And, for SMSS J200322.54-114203.3,|the sums
just don’t add up.
L

Caption: The star SMSS J200322.54-114203.3.
(centre, with crosshairs) in the south-eastern corner

of the constellation Aquila (the Eagle) close to
8 } 1 I the border with Capricornus and Sagittarius.
Credit: Da Costa/SkyMapper

#* . MEDIA RELEASE- NEW TYPE OF EXPLOSION EXPLAINS MYSTERY STAR APRIL 21
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FIRST GALAXIES

he First Galaxies project is focussed on discovering galaxies during the first billion
years after the big bang, characterising their properties, and investigating how these
objects evolve into today's galaxies.

These goals are achieved through a combination of observations by some of the most
powerful telescopes (space and ground-based) with theoretical and numerical modelling.

We are also leading the development of the first space mission funded by the Australian Space
Agency; the SpIRIT satellite, which has the potential to contribute to the discovery of some of
the very first stellar nurseries in the Universe and is promoting international cooperation and
academia-industry engagement.
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2021 PROJECT HIGHLIGHTS )

Work continued in 2021 on Hubble Space Telescope data collected as part of the Wide Field
Camera 3 Brightest of Reionising Galaxies (BoRG) survey, led by ASTRO 3D CI Michele Trenti,
and searched for galaxies within the first 700 million years after the Big Bang. In particular, we
focussed on re-analysis of all suitable data in the archive, through the SuperBoRG dataset.
SuperBoRG is a compilation of ¥0.4 deg? archival medium-deep (MF160W ™ 26.5 ABmag) parallel
infrared (IR) images taken with the Hubble Space Telescope.

The team selected initial candidates by using the Lyman-break technique and published a revised
catalog of sources located more than 13 billion light years from us. First Galaxies postdoctoral
research fellow Dr. Nicha Leethochawalit developed a sophisticated code to quantify how
complete an Hubble Space Telescope image is, that is, what is the probability of missing the
identification of (faint) distant objects in a dataset due to the intrinsic noise present, depending on
the selection criteria used.

In simple terms the tool is extremely useful to determine the most efficient way of selecting distant
galaxy candidates while limiting the amount of false positives in the sample (a tradeoff between
having a pure but small sample or a large but contaminated one).

This will be extremely useful for applications to upcoming James Webb Space Telescope
observations, and we made the code publicly available for benefit of astronomers worldwide. On
the modeling front, PhD student Keven Ren (UoM) concluded successfully his studies mid year,
and published a very interesting model that is capable of capturing the evolution of the quasar
luminosity function with minimal parameters, and makes predictions for the quasar population we

.3
LY

expect well into the Epoch of Reionisation (redshift z>8) from future space based observatories
such as the Nancy Grace Roman Space Telescope.

PhD student Benjamin Metha investigated novel applications of geostatistical techniques to
astronomical datasets, showing how mathematical tools generally utilised for Earth observations
have a strong potential to be applied to astronomy as well, taking advantage of the increased
availability of detailed galaxy maps such as 3D datacubes from integral field spectroscopy.

In October 2021 we welcomed Kristan (Kit) Boyett as First Galaxies postdoctoral research fellow,
who joined the University of Melbourne node, working remotely from the University of Oxford,
an ASTRO 3D Partner Institution. Dr. Boyett will focus on observations of galaxies in the epoch of
Reionisation primarily through James Webb Space Telescope spectroscopic data.

CROSS PROJECT COLLABORATIONS

The team continues to develop the SpIRIT (Space Industry Responsive Intelligent Thermal)
nanosatellite, the first and only spacecraft project selected for funding by the Australian Space
Agency so far (International Space Investment - Expanding Capability scheme). SpIRIT, which is
currently in phase C (final design and fabrication of flight hardware), is an international partnership
with the ltalian Space Agency which will contribute to detect Gamma Ray Bursts (GRBs), as well as
electromagnetic counterparts of gravitational wave events. GRBs have great untapped potential
to be used as probes of both star formation processes and physical properties of the gas in and
around the first galaxies formed during the epoch of Reionisation. Thus this new mission will be
an excellent opportunity to expand the range of space telescope data that our team will be able
to use to study the first billion years after the Big Bang.
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A HIGHLIGHT IN 2021

From an astronomy perspective: The JWST collaboration that | am a part of had its first in person
meeting since 2019 in November. It was hosted in Pisa and was a very fun and productive week.

| only joined the team a year ago, so it was the first time | was able to meet my new colleagues in
person. Online meetings have been very important recently, but nothing quite compares to seeing
people in person.

From a personal perspective: My sister got married in March. It fell into one of the lucky windows
when weddings were allowed in Victoria so we got to celebrate it with a (mostly) complete guest
list. Something | certainly no longer take for granted!

| SURVIVED COVID IN 2021 BY...

I've had a pretty lucky run with COVID restrictions in 2021. | spent the first few months of 2021 in
COVID-Free Australia, before moving to Oxford in May, shortly after the UK lockdown had been
lifted. So I've managed to avoid any lockdowns in 2021. But | spent most of 2020 writing my thesis
in lockdown. The highlight of my weeks was always playing online board games with my other
locked-down friends. More than anything else, that's what got me through.
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GALAXY EVOLUTION

he Galaxy Evolution team, led by Associate Investigator, Kim-Vy Tran, aims to
understand: how chemical elements accumulate in galaxies and their surroundings;
how visible and dark matter assembles within galaxies; and how ionising radiation is
produced and escapes galaxies over 12 billion years of cosmic time.

This project bridges the First Galaxies program with nearby galaxies observed with SAMI and
Hector and complements ASKAP observations of the cool gas in galaxies.

2021 PROJECT HIGHLIGHTS

The Galaxy Evolution team had a truly exciting 2021 with major progress across the multiple
surveys and awarded telescope time, most notably with the first cycle of the James Webb Space
Telescope. Despite the continuing impact of the pandemic, the GE members maintained a

high publication rate, disseminated science outcomes by giving “international” talks (via online
platforms), applied successfully for major funding grants, and completed multiple PhDs. GE
members also fostered collaborative opportunities across ASTRO 3D projects by running mini-
workshops, monthly discussions, and busy weeks.

Highlights of award success in 2021 include Dr. Rebecca Davies (Swinburne) being honoured
with a Gruber Foundation Fellowship for promising young astronomers. Dr. Kathryn Grasha
(ANU) and Dr. Sarah Sweet (University of Queensland) both won ARC Discovery Early Career
Research Awards (DECRA). Dr. Grasha’s research will focus on “Stars and galaxies: The chemical

Figure 12: ASTRO 3D Galaxy Evolution with Lenses (AGEL)
Karl Glazebrook led a successful proposal to obtain imaging with the
Hubble Space Telescope of gravitational lenses from the AGEL survey.

The first target imaged by Hubble in October 2021 has the auspicious
nick-name “Happy Face”, and an initial reduction by Karl and Colin
Jacobs demonstrates the spectacular resolution provided by HST.

abundance breakthrough”, and Dr. Sweet on “Understanding diversity: Chemical and kinematic
tracers of galaxy evolution”. Special congratulations to Dr. Caroline Foster (USyd and Macquarie)
who was awarded a Future Fellowship on how “Time takes its toll: understanding why galaxies
slow down as they get older”.

The GE project is particularly affected by observing disruptions due to the pandemic, and we

are deeply grateful to the observatory staff all over the world that made it possible to continue
obtaining critical data-sets. New data on highly competitive facilities including the Very Large
Telescope, Keck Observatory, Atacama Large Millimeter Array, and the Hubble Space Telescopes
were acquired during 2021, and observations are scheduled through 2022. The high quality
multi-wavelength data ensure that the GE team will meet and likely exceed the goals defined in
the original ASTRO 3D proposal.

With the thrilling launch of JWST in December 2021, several teams are eagerly awaiting the

first observations to be available by mid-2022. GE members contributed to successful JWST
proposals that totaled an astounding 927 hours of awarded time, a true testament to the exciting
research led by ASTRO 3D members. Further evidence of ASTRO 3D leadership in exploring the
Universe using space observations were the successful HST proposals led by Dr. Nikki Nielsen
and Prof. Karl Glazebrook (Fig. 12), both at Swinburne.

To further build collaborative opportunities across the ASTRO 3D projects, GE members spear-
headed multiple efforts to connect virtually. Events in 2021 include a mini-workshop on the Epoch
of Reionisation and First Galaxies organised by Anshu Gupta (Curtin) in June 2021, and Kathryn
Grasha (ANU) leading a monthly metallicities discussion connecting theory to observations from
the very local Universe to the first galaxies. The MAGPI team held busy weeks focused on the
incoming observations taken with MUSE on the VLT.
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Figure 13: Dr. Anshu Gupta’s (UNSW & Curtin)
press release on “puffy galaxies make stars
longer” at cosmic noon includes beautiful
images from the IlllustrisTNG cosmological
simulations. The images on the left show
the light emitted by excited gas in the
simulated spiral galaxies, and the images
on the right show light emitted by the stars
in the same galaxies. These results are
from the MOSEL survey that Dr. Gupta leads
and illustrate the strong interplay between
observers and theorists that helps us gain
better understanding of how galaxies evolve.

Looking forward to the second half of the Centre’s life, the GE project will focus on making full use
of the rich variety of observations and simulations available within ASTRO 3D.

GE members will strengthen existing connections with First Galaxies, ASKAP, and SAMI to
study HI gas and the Circum-galactic Medium (CGM). Of particular interest is the ionisation
and enrichment history of the multi-phase gas in and around galaxies, and on interpreting
observational results using cosmological simulations.

Highlights from the GE surveys include press releases based on results by Alex Cameron
(UMelbourne) and Deanne Fisher (Swinburne) on gas flows in nearby galaxies, and by Anshu
Gupta (UNSW & Curtin) on puffy galaxies at cosmic noon (Fig. 13).

A list of the main surveys currently led by Galaxy Evolution members to address the three main
themes of the GE project of ionisation, chemical evolution (metallicities), and kinematics:

DUVET — Deanne Fisher (Swinburne) et al: ionisation conditions and gas kinematics in nearby
disk galaxies

MAGPI — Caroline Foster (USyd), Trevor Mendel (ANU), Claudia Lagos (UWA), Emily Wisnioski
(ANU) et al.: metallicities and kinematics of galaxies at zv0.3-0.5

AGEL - Kim-Vy Tran (UNSW), Karl Glazebrook (Swinburne) et al.: metallicities and kinematics of
lensing systems (0.3<z<3)

K3-LARS — Emily Wisnioski (ANU) et al.: kinematics and metallicities of galaxies at z™¥2
MOSEL — Anshu Gupta (UNSW), Kim-Vy Tran (UNSW): kinematics of emission-line galaxies at z™3

XQR-30 — Emma Ryan-Weber (Swinburne) et al.: ionisation conditions of metal absorbers towards
zV6 quasars
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ABOUT ME

| work on various aspects of galaxy formation and evolution ranging from the role of environment,
chemical enrichment, and mass assembly history of galaxies. Recently | have been co-leading
the MOSEL survey where we are studying the physical properties of galaxies that mimic the
behaviour of “first galaxies”. These mimic galaxies exist almost 1 billion years after the reionisation
of the Universe completed making them easily accessible with current instruments. My plan is to
use the Mimic galaxy sample to identify the source of ionising radiation in the early Universe.

My research lies at the intersection of multiple science themes in ASTRO 3D. In particular, the
origin of the ionised Universe and the periodic table elements. The nature of my work with the
MOSEL survey leads me to actively collaborate with the galaxy evolution, first galaxies, genesis
simulations and the epoch of reionisation teams within ASTRO 3D.

WHY ASTRONOMY?

| was interested in science ever since | can remember. At my undergraduate university | tried

my hand at a wide variety of disciplines from evolutionary biology, biophysics, optical physics to
astronomy. In my fourth year, Dr. Nissim Kanekar came to give a 1-hour lecture on astronomy that
went up to three hours because we all kept asking questions. | decided to work with him for my
final year summer project. That summer project really cemented my interest in astronomy.

OR ANSHU GUPTA

ASTRO 3D Fellow
Curtin University
Galaxy Evolution Project
Magpi

WHAT | LOVE ABOUT ASTRONOMY

The most fun thing about astronomy is that it’s not really a single sub-field of physics like quantum
mechanics, optics, nuclear physics. It’s a sub-field where we are studying the laws of nature
unfold at the biggest scale, i.e., the entire Universe. Therefore, it requires understanding of basic
principles of all sub-fields of physics. The extremely pretty images and observing runs at Hawaii
and Chile are definitely an added bonus!

WHAT | DON'T LOVE

As an early career researcher, the hardest bits are usual issues of academia, lack of job
uncertainty and the expectation to change cities, countries every couple of years.

IF | WASN'T AN ASTRONOMER, | WOULD BE...

Since | moved to Australia, | have found baking as my alternate passion. | really enjoy how simple
ingredients like flour, water and salt get transformed into incredible loaf of sourdough. | also enjoy
researching and trying cake recipes. Pre-pandemic, | visited my friend’s house in Germany and
made a Black Forest cake for 10 Germans. It was bit daunting task but there was no cake left by
the end of the night, so | am pretty sure they all enjoyed it.

A HIGHLIGHT IN 2021

2021 was a year of big changes for me. | got the permanent residency of Australia and moved to
Perth to start my ASTRO 3D fellowship at the Curtin University. Science wise, | was successful in
securing 22 hours on Xshooter/VLT (nearly $150K in telescope time) to push the MOSEL survey
science forward. | also organised the first in person writing retreat on the west coast since the
pandemic at Rottnest Island. To be honest, writing with the quokkas on Rottnest was really the
biggest highlight of 2021.

| SURVIVED COVID IN 2021 BY...

| haven’t seen my family for two years, so | am still trying to survive COVID and remain positive.
For me having my partner join me in Australia last year has been really good.
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*MILKY WAY NOT UNJJSUAL, ASTRONOMERS FIND .

DETAILED CROSS-SECTION OF ANOTHER GALAXY REVEALS SURPRISING SIMILARITIES TO OUR HOME
- .

The first detailed cross-section of a galaxy broadly similar to the Milky Way, published today, (The Sun is a thin disc star and comprises about 1.5% elements heavier than helium. Thick disc
reveals that our galaxy evolved gradually, instead of being the result of a violent mash-up. The stars have three to 10 times less.)
finding throws the origin story of our home into doubt.
Although such discs have been previously observed in other galaxies, it was impossible to tell
The galaxy, dubbed UGC 10738, turns out to have distinct ‘thick’ and ‘thin’ discs similar to those of  whether they hosted the same type of star distribution — and therefore similar origins.
the Milky Way. This suggests, contrary to previous theories, that such structures are not the result
of a rare long-ago collision with a smaller galaxy. They appear to be the product of more peaceful Scott, van de Sande and colleagues solved this problem by using the European Southern
change. Observatory’s Very Large Telescope in Chile to observe UGC 10738, situated 320 million light
years away. The galaxy is angled “edge on”, so looking at it offered effectively a cross-section of
And that is a game-changer. It means that our spiral galaxy home isn’t the product of a freak its structure.
_accident. Instead, it is typical.

vere able to

. “Using an instrumen
The finding was made by a team led by Nicholas Scott and Jesse van de Sande, from Australia’ asse
ARC Centre of Excellence for All Sky Astrophysics in 3 Dimensions (ASTRO 3D) anc

of Sydney.
-

“Our observations indicate that the Milky Way’s thin and thick discs didn’t cor
a gigantic mash-up, but a sort-of ‘default’ path of galaxy formation and evo

k|

“From the" results gthink galaxies with the Milky Way’s particular structures and properties WS
could be described as the ‘normal’ ones.”

o do it from overhead

“It’s a like telling apart
This conclusion — published in The Astrophysical Journal Letters— has two profound implications. it’s impossible, but it if you look frc

“It was thought that the Milky Way’sithin and thick discs formed after a rare violent merger, and so Co-author Professor Ken Freeman from the Australian onal University said, “This is an

probably wouldn’t be found in other spiral galaxies,” said Dr Scott. important step forward in understanding how disk galaxies assembled long ago. We know a lot
about how the Milky Way formed, but there was always the worry that the Milky Way is not a
“Our research shows that’s probably wrong, and it evelved ‘naturally’ without catastrophic typical spiral galaxy. Now we can see that the Milky Way’s formation is fairly typical of how other
interventions. This means Milky Way-type galaxies are probably very common. disk galaxies were assembled”. Comparison of the spatially resolved chemistry of UGC 10/38 and the Milky Way.
Sjoctod radius and Scole height Regions are chosen to mateh hose of Hayden et al

“ . - - - - - . : , rojected radius and scale : :

L !50 means we can. use eX|st|n.g very.detalled ol?servatlons of the Mll,ky Way as toczls o bettoy Othgr Co oo lale bgsed at Ma'cquarle Universigil ARE1e &d Sermajges Max-Planck- 50%5), though we note the sco/% rod//'%nd height of the two galaxies are //’ke/))// different.
analyse much more distant galaxies which, for obvious reasons, we can’t see as well. Institut fur Extraterrestrische Physik. Contours enclose 50, 75, 90 and 99 per cent of Milky Way stars from Hayden et al.

(2015). We find a high degree of qualitative agreement between the two galaxies, with
The research shows that UGC 10738, like the Milky Way, has a thick disc consisting mainly of a low metallicity, alpha-rich component at large scale heights evident in both.

ancient stars — identified by their low ratio of iron to hydrogen and helium. Its thin disc stars are
more recent and contain more metal.

Background Image: Galaxy UGC 10/38, seen edge-on through
. the European Southern Observatory’s Very Large Telescope

in Chile, revealing distinct thick and thin discs.
. Credit: Jesse van de Sande/European Southern Observatory
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Massive galaxies with extra-large extended “puffy” disks produced stars for longer than their
more compact cousins, new modelling reveals.

In a paper published in the Astrophysical Journal, researchers led by Dr Anshu Gupta and
Associate Professor Kim-Vy Tran from Australia’s ARC Centre of Excellence in All Sky Astrophysics
in 3 Dimensions (ASTRO 3D), show that the sheer size of a galaxy influences when it stops making
new stars.

“There’s a period in the life of the Universe
known as the ‘cosmic noon’, which occurred
about 10 billion years ago,” said Dr Gupta. “That
was when star formation in massive galaxies
was at its peak. After that, gas in most of these
galaxies grew hot — in part because of the black
holes in the middle of them — and they stopped
forming stars.

“In galaxies that are really, really stretched out,
however, we found that things didn’t heat up as
much and the black holes didn’t exert such a
great influence, so stars kept getting made over
a longer period.”

Dr Gupta and Dr Tran, both of whom are based
at the University of NSW, Sydney, found that
they could predict the end of star formation
based on the size of a galaxy’s disk — the

flat, circular region surrounding its centre,
comprising stars, hydrogen gas and dust.

“Where the stars in the disk are widely
distributed — you could call it ‘puffy’ — the gas
stays cooler, so continues to coalesce under
gravity and form new stars,” said Dr Gupta. “In galaxies with more compact disks, the gas heats
up quite. quickly and is soon too energetic to mash together, so the formation of stars finishes by
just after cosmic noon. Puffy disks keep going much longer, say as far as cosmic afternoon tea.”

To make their findings, the researchers, with colleagues from Melbourne, Germany,
Mexico and the United States, used cosmological galaxy formation simulations from an
international collaboration known as the lllustrisTNG project.

This was integrated with deep observations from an Australian-led project known as the

Multi-Object Spectroscopic Emission Line (MOSEL) Survey.

“The lllustrisTNG simulations
required millions of hours of

supercomputer time,” said Dr
Tran.

“And the MOSEL survey needs

both the WM Keck Observatory

in Hawai’i and the Hubble
Space Telescope.

“The results mean that for
the first time we've been able
to establish a relationship
between disk size and star-
making. So now astronomers
will be able to look at any
galaxy in the Universe and
accurately predict when it will
stop making stars — just after
lunch, or later in the cosmic
afternoon.”

The Milky Way, incidentally, is
a massive galaxy that is still

making stars. That’s because
it was something of a cosmic

late-starter. When cosmic noon arrived it was very small — containing only one-tenth of
the star mass it hosts today — and did not attain ‘massive’ status until much, much later.
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As a result, the gas and dust within it has not
yet warmed up enough to quench the star-
making process.

It is not, however, an extended puffy galaxy,
so it will quench, relatively speaking, sooner
rather than later.

“Cosmic noon was a long time ago,” said Dr
Gupta. “I'd say that by now the Universe has
reached cosmic evening. It’s not night-time

yet, but things have definitely slowed down.”

As well as UNSW, team members hailed from
Swinburne University, the Max-Planck-Institut
fur Astronomie, the Universidad Nacional
Autonoma de Mexico, and the Flatiron
Institute and Columbia University, both in New
York.

Image 1: (Above left) An ensemble of twenty-five disk galaxies. The view on the left shows
light emitted in the H-alpha line from interstellar gas as a result of ongoing star-formation,
while the panels on the right shows the optical light emitted by a mix of young (bluer) and

old (redder) stars. Each galaxy can be seen rotated edge-on below its face-on view.
Credit: TNG Collaboration

Image 2: (Above right) A graph showing how extended or ‘puffy’ galaxies continue
to make stars longer into the cosmic afternoon than compact ones.
Credit: Anshu Gupta

Background Image: The Cat's Paw Nebula in acombination of
exposures from the MPG/ESO 2.2-metre telescope
Credit: ESO/R. Gendler & R.M. Hannahoe
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he Australian SKA Pathfinder (ASKAP) surveys project is investigating the evolution
and buildup of neutral hydrogen (HI) in galaxies over the past 7 billion years.

HI provides the reservoir of material from which new stars can form in galaxies, and
so is key to understanding how galaxies evolve over cosmic time. ASTRO 3D researchers are
members of three different but interlinked ASKAP surveys; DINGO, FLASH and WALLABY.

The Deep Investigations of Neutral Gas Origins (DINGO) survey (led by Al Martin Meyer) is
studying the evolution of galaxies and the gas-rich Universe over the past 4 billion years. This is
being achieved through a combination of direct galaxy-by-galaxy analysis in the nearby Universe
and statistical stacking studies at higher redshifts. The HI emission line data from DINGO wiill

be combined with extensive multiwavelength data available in the target fields to understand
the connections between gas content, stellar populations and star formation history, and the
underlying dark matter distribution.

The Widefield ASKAP L-band Legacy All-sky Blind surveY (WALLABY) (led by CI Lister Staveley-
Smith) aims to detect 300,000 nearby galaxies (with a mean redshift of about 0.04) across the
southern hemisphere. The goals of WALLABY include: measurement of baryonic and dark matter
mass profiles of unprecedentedly large galaxy samples; and studying the effect of environment
(local galaxy and gas density) on the properties of galaxies in order to better understand galaxy
evolution in cosmic voids, filaments, groups and clusters.

The First Large Absorption Survey in HI (FLASH; led by Cl Elaine Sadler and Als James Allison
and Elizabeth Mahony) uses measurements of the 21cm Hl line seen in absorption against

bright background radio sources to study neutral gas in and around distant galaxies. With this
technique, FLASH will probe the HI gas content of several hundred individual galaxies and study
the evolution of HI over the past 4-8 billion years, where the HI emission line is too faint to be
detected in even the deepest ASKAP surveys.
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Figure 14: An ASKAP/DINGO HI column density image of the GAMA 23 region, where galaxies
have been colour-coded by their redshift and zoomed-in by a factor of two for clarity.

2021 PROJECT HIGHLIGHTS - DINGO

Pilot phase | data from DINGO has been processed and released into the CSIRO ASKAP Science
Data Archive (CASDA), with the deepest 53-h integration in the G23 field yielding 168 detections.
These data will be further augmented by additional observations from Pilot phase 2, with the
first quality gate observations now completed and undergoing assessment. An additional major
milestone for the project was the submission of its documentation in November 2021 for the
Review of ASKAP Survey Science Projects (RASSP), following which telescope time for the full
ASKAP surveys will be allocated.

WALLABY

WALLABY published 5 refereed papers this year with data from Pilot fields. Two were led by
ASTRO 3D postdocs Bi-Qing For and Tristan Reynolds, two were led by Als Chandra Murugeshan
and lvy Wong, and one by PKU/KIAA collaborator Jing Wang. In addition Al Tobias Westmeier
published the SoFiA 2 paper describing the parallel and automated source-finding pipeline. The
SoFiA team had the distinction of a bronze medal in the SKAO’s 2nd Science Data Challenge

to find artificial galaxies in simulated SKA data cubes. The SoFiA team were the highest-placed
‘blind’” source-finding team, in that they didn’t make use of the extensive training data set which
was made available. All Pilot phase 1 WALLABY data cubes have been made available for public
download on CASDA, and the first public data release of value-added data products (moment
maps, velocity fields and rotation curves) will occur in 2022. Pilot phase 2 observations are
ongoing, and WALLABY looks forward to the allocation of full survey time in 2022 following an
international project review process.

FLASH

All the data from the FLASH Pilot Survey have been processed and are now available in the
CASDA public data archive. The FLASH team have been working on follow-up studies of the
many new HI absorption lines detected in the Pilot Survey, and fig. 16 shows three new detections
for which we also have follow-up observations with the MeerKAT telescope. Notable papers from
2021 included the FLASH survey description paper (led by James Allison with contributions from
many team members), and a paper led by Elizabeth Mahony presenting a study of a galaxy at
redshift z=0.7 where HI was detected in absorption against the lobe of a powerful background
radio galaxy. This paper shows that ASKAP can detect 21-cm H | absorption towards extended
radio sources as well as the compact sources which have been the traditional targets for HlI
absorption studies.



PhD student Kristof Rozgonyi completed his thesis on the alternative uv-grid pipeline needed

for DINGO deep imaging. This methodology enables the long-term storage and combination of
visibility-domain interferometric data, and the mitigation of errors that could otherwise be ‘frozen-
in” with image-domain combination methods. The pipeline is now being implemented on Pawsey
supercomputing infrastructure following a successful PaCER application to support this work (the
HiVIS Project).

The WALLABY team was joined by new ASTRO 3D PhD student Manasvee Saraf whose initial PhD
project includes a study of the Norma cluster with ASKAP and the Australia Telescope Compact
Array. Chandra Murugeshan successfully defended his Swinburne PhD thesis ‘The effects of
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angular momentum and environment on the HI properties of disc galaxies’ and has joined partner
organisation CSIRO as a postdoc. Chandra has also taken on the role of Deputy WALLABY Project
Scientist. ASTRO 3D postdoc Bi-Qing For moved to a new ICRAR-funded position, but fortunately
also stays within the WALLABY team. Al Karen Lee-Waddell has transitioned to the new role of
AusSRC Director, but remains the WALLABY project scientist.

In the FLASH team, 2021 saw some changes to the survey leadership. James Allison (Oxford
University), who was a FLASH co-PI from 2018 onwards, stepped down from this role in October
when he started a new position working in industry. James will continue as an advisor to the
project and a member of the FLASH Executive. Elizabeth Mahony (previously the FLASH Project
Scientist) took over as co-Pl of FLASH from October 2021, and ASTRO 3D postdoc Hyein Yoon
has taken on the FLASH Project Scientist role. In November 2021 we welcomed JNHS Aditya as a
new ASTRO 3D postdoc working with the FLASH team. ASTRO 3D student Simon Weng began a
PhD project in early 2021 and has been awarded an ESO Studentship to spend 12 months working
at the European Southern Observatory headquarters in Germany on a project combining ASKAP,
ALMA and MUSE data to study the connection between galaxies and their neutral and ionized gas
at intermediate redshift.
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DINGO continued to work with other ASKAP surveys and the spectral-line working group to
improve outputs of the ASKAPsoft pipeline. As part of the RASSP process, DINGO also engaged
with GAMA and SAMI team members to optimise multiwavelength science outcomes in the survey
redesign process.

Good representation of WALLABY science was achieved at several collaborative science
meetings during the year, including the SKA Science meeting (12-19 March 2021), the ASA meeting
(12-16 July 2021), ACAMART7 (9-11 November 2021), and the annual WALLABY science meeting (12
November 2021).

We held two online ‘FLASH Science Roundtable’ meetings with team members from around the

world in September and October 2021, and FLASH science results were presented at several

meetings including the East Asia SKA workshop and an international workshop on CSS and GPS

radio sources (both in May 2021), and the ASA meeting in July 2021. We also gave an invited

FLASH presentation at a joint meeting of the international SKA radio continuum and HI science
working groups in November 2021.
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IGHT IN 2021

as definitely been a rough year, it has also been an eventful one for me. | not only
yraduated with a PhD earlier this year, but also secured a postdoc position at CSIRO to
and exciting research relating to ASKAP/WALLABY.

VED COVID IN 2021 BY...

nd restrictions due to COVID did have an effect on me both mentally and physically,
en dealing with such hard times by focusing on the positives and by being thankful.
ind meditation routines have helped me stay sharp and not lose focus. Keeping in

h with family and friends all along was also really helpful.
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SAMI/HECTOR

AMI and Hector are two integral field spectrographs that allows the measurement
of a huge range of galaxy properties that are impossible to obtain from single fibre
surveys and allows direct tests of the latest galaxy formation simulations.

Observables include gas and stellar internal and bulk kinematics, the spatial distribution
of star formation, stellar metal content and age gradients, gas oxygen abundance distributions,
resolved ionization diagnostics and many others.

The SAMI Galaxy Survey of over 3000 galaxies is the first integral field sample that is sufficiently
large to disentangle the competing roles of galaxy mass and environment. As a result, we can
address the following three key questions:

1. What is the physical role of environment in galaxy evolution?
2. What is the interplay between gas flows and galaxy evolution?
3. How are mass and angular momentum built up in galaxies?

Hector will build on SAMI using a new instrument with higher spectral resolution, a wider field
of view, and the ability to target more galaxies at once. From the start of 2022 Hector will be
carrying out a survey of up to 15000 galaxies.

Figure 17: The Hector instrument on the 2-degree Field top end of
the Anglo-Australian Telescope during the first commissioning run
of the instrument in December 2021. The central field plate is two
degrees in diameter and positioned across it are the magnetically
connected Hector integral field units. Image Credit: Hector Team

2021 PROJECT HIGHLIGHTS

The project had 3 main aims for 2021. The first was to make the full
SAMI data set public as part of SAMI Data Release 3. This happened in
January 2021, with a data release that including the SAMI cluster targets
for the first time.

The DR3 effort has been driven by ASTRO 3D members Scott Croom,
Matt Owers, Nic Scott, Henry Poetrodjojo, Brent Groves, Jesse van de
Sande, Tania Barone and Luca Cortese. Many other members of the
team helped with quality control checks of the data products. The data
is available through Data Central (see https://datacentral.org.au/) and
described by Croom et al (2021). A press release associated with the
paper gathered much attention both domestically and internationally (
see

The second focus of the team was to publish key papers on using the
full SAMI sample, and 17 papers were published in 2021.

ASTRO 3D Al Jesse van de Sande (Sydney) has published his

work showing that the spin of galaxies depends on both mass and
environment independently. While the fraction of galaxies classified as
slowly rotating is strongly dependent on mass, at a fixed mass galaxies
in groups are more likely to be slow rotators. Even for regularly rotating
galaxies, if they are in a higher density environment, they will be rotating
more slowly.

PhD student Tomas Rutherford (Sydney) used an alternative method,
based on mark correlation functions also demonstrate that the relation
between spin and environment is significant not just due to galaxy mass.

In related work ASTRO 3D Affiliate Amelia Fraser-McKelvie (UWA)
combined the SAMI data with the MaNGA Survey to examine how


https://astro3d.org.au/the-secrets-of-3000-galaxies-laid-bare/

ASTRO 3D

2021 PERSONNEL HIGHLIGHTS

Figure 18: The first
galaxy data from the
Hector instrument in
'row-stacked spectra”
= format. Each horizontal
line is the spectrum from

W (| S//10/c Optical fibre (blue

to the right, red to the
- left). Groups of fibres
target galaxies. The
near vertical lines that
show small horizontal
shifts are gas emission
lines, with the shifts due
to the rotation of the
galaxies being observed.

Example images of the
galaxies being targeted

are shown in the red

boxes. Image Credit:
Madusha Gunawardhana.
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“THE SECRETS OF 3000 GALAXIES LAID BARE

AUSTRALIAN-LED ASTRONOMY PROJECT SHEDS LIGHT .ON THE EVOLUTION OF THE UNIVERSE
e

The complex mechanics determining how galaxies spin, grow, cluster and die have been their mass and environment at the same time, so we can understand how these things influence
revealed following the release of all the data gathered during a massive seven-year Australian-led each other”

astronomy research project.

Research arising from the survey has already revealed several unexpected outcomes.
The scientists observed 13 galaxies at a time, building to a total of 3068, using a custom-built

instrument called the Sydney-AAO Multi-Object Integral-Field Spectrograph (SAMI), connected to One group of astronomers showed that the direction of a galaxy’s spin depends on the other

the 4-metre Anglo-Australian Telescope (AAT) at Siding Spring Observatory in New South Wales. galaxies around it, and changes depending on the galaxy’s size. Another group showed that the
The telescope is operated by the Australian Natiolnal University. amount of rotation a galaxy has is primarily determined by its mass, with little influence from the

" i surrounding environment. A third looked at galaxies that were winding down star-making, and
Overseen by the ARC Centre of Excellence for All Sky Astrophysics in 3 Dimensions (ASTRO 3D),  found that for many the process began only a billion years after they drifted into the dense inner-
the project used bundles of optical fibres to capture and analyse bands of colours, or spectra, at city regions of clusters.

multiple points in each galaxy.

“The SAMI Survey was set up to help us answer some really broad top-level questions about
The results allowed astronomers from around the world to explore how these galaxies interacted galaxy evolution,” said co-author Dr Matt Owers from Macquarie University in Australia. 1

with each other, and how they grew, sped up or slowed down over time.
“The detailed information we’ve gathered will help us to understand fundamental questions such

No two galaxies are alike. They have different bulges, haloes, disks.and rings, Some are forming as: Why do galaxies look different depending on where they live in the Universe? What processes
new generations of stars, while others haven't done so for billions of years. And there are . stop galaxies forming new stars and, conversely, what processes drive the formation of new stars?
powerful feedback loops in them fuelled by supermassive black holes. Why do the stars in some galaxies move in a highly ordered rotating disk, while in other galaxies

their orbits are randomly oriented?”

“The SAMI survey lets us see the actual internal structures of galaxies, and the results have been

surprising,” said lead author Professor Scott Croom from ASTRO 3D and the University of Sydney.  professor Croom added, “The survey is finished now, but by making it all public we hope that the
data will continue to bear fruit from many, many years to come.”

“The sheer size of the SAMI Survey lets us identify similarities as well as differences, so we can .

move closer to understanding the forces that affect the fortunes of galaxies over their very long Co-author Associate Professor Julia Bryant from ASTRO 3D and the University of Sydney said:

lives.” . N “The next steps in this research will make use of a new Australian instrument — which we’ve called
Hector — that will start operation in 2021, increasing the detail and number of galaxies that can be

The survey, which began in 2013, has already formed the basis of dozens of astronomy papers, observed.”

with several more in preparation. A paper describing the final data release — including, for the first

time, details of 888 galaxies within galaxy clusters — was published today on the arxiv pre-print When fully installed in the AAT, Hector will survey 15,000 galaxies. :
server and in the journal Monthly Notices of the Royal Astronomical Society.

. . . ' _ The final data release paper has 41 authors, drawn from Australia, Belgium, the US, Germany, Image: A{PfOfJL;//Gt I?ZYC;W ffO/Z thfemUnL\ver?/'t);\oftSyc/:{neyT/'/;s/de the SAMI
“The nature of galaxies depends both on how massive they are and their environment,” said Britain, Spain and The Netherlanﬂse-.-_ IS rumenC?edit?Sggtfgro%m/Lejn/\Tgrg/tyLc/)Sfg/gvneye ESCOPE.

Professor Croom.
The full data set is available online through Australian Astronomical Optics (AAO) Data Central.

Background GIF : Time lapse of Anglo Australian Telescope,
showing the SAMI survey being conducted.
Credit: Angel R. Lopez-Sanchez (AAO-MQ)

“For example, they can be lonely in voids, or crowded into the dense heart of galactic clusters, or
anywhere in between. The SAMI Survey shows how the internal structure of galaxies is related to Press Release by
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PROFESSOR MATTHEW COLLESS

Chief Investigator

Node leader

Australian National University
/ SAMI Hector Survey Lead

‘T AN ASTRONOMER, 1 WOULD BE...

be a lot richer for one thing but if we leave that to one side, the thing that | really
tany. | love plants and trees and | would have had a wonderful time as a field

in the field on my own, just cataloguing plants and trees. That to me would
y thing to do, and I‘ve often thought about that as a second career in retirement.

3HT IN 2021

1 for me was having Hector delivered to the AAT! After a long wait (made longer
eat to see this exciting new instrument start its commissioning.

g to see lots of beautiful new integral field spectroscopy of galaxies from Hector!

D COVID IN 2021 BY...

2021 by listening to audiobooks on many long walks, visiting the past and the
rth and in galaxies far, far away, with old favourites like Frank Herbet’s Dune and
aster & Commander series, as well as new classics such as Amal EI-Mohtar &

his is How You Lose the Time War.
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ASTRONOMERS TURN GALAXSSS INTO MAGNIFIERS

Astronomers have turned a cluster of galaxies into a gargant

another galaxy, 10.7 billion light years away, in unprecedent etail.

Taking advantage of a phenomenon known as “gravitational lensing”, the te
by NASA Goddard Space Flight Centre scientist Dr Soniya Sharma, identifie
in the distant and ancient galaxy.

scientists, led

»

The research was funded by Australia’s ARC Centre of Excellence in All Sky Astrophysics in 3
Dimensions (ASTRO 3D), and will be of direct benefit to NASA’s next orbiting observer.

Without the use of the massive magnifying effect, the galaxy, dubbed cswal128, would be a tiny
blur to even the most powerful telescopes on Earth. With it, the astronomers can see stars being
formed just three billion years after the Big Bang.

“Our ‘lens’ is a cluster of galaxies roughly 3.3 billion light years away,” explained Dr Sharma.

“The cluster is so huge that its gravity actually bends light, turning it into a sort of magnifying
glass. The effect makes cswal28, which lies behind it and seven billion light years further away,
appear much larger than it otherwise would from Earth.

“In fact, the galaxy appears about 10 times bigger. We can clearly see bright lights in clumps,
which are tell-tale signs of stellar nurseries — parts of the galaxy that are making new stars.”

The first formal prediction that light would bend around a massive object and magnify distant
things was made by Albert Einstein in his General Theory of Relativity. Its confirmation during a
solar eclipse in 1919 rocketed him to fame.

The idea lensing can operate on a galactic scale was demonstrated in 1979. Today, it is Dr
Sharma’s stock in trade.

Her team’s current research — published in the journal

— marks a significant leap forward in the field. The scientists developed a sophisticated
algorithm to accurately interpret the spectroscopic information for the target galaxy captured by
the WM Keck Observatory in Hawaii.

“This magnifying phenomenon of nature comes at a cost,” said co-author and former ASTRO 3D
researcher Dr Tiantian Yuan.

“The enlarged images are stretched and distorted. Using the algorithm meant we were able to
recover the true shape of the distant galaxy. We also found that it contains twice as many star-
forming areas than previously reported.”

Thégnifying lens, using it to study

forming regions

BEND IT*I‘!KE EINSTEIN

Professor Lisa Kewley, director of ASTRO 3D, added: “This new algorithm allows lensed
galaxies to be reconstructed at much finer detail than ever before. It is like taking a dusty
magnifying glass, cleaning it, and seeing a much clearer picture.”

The success of the current research project is of particular importance to NASA.
“The algorithm we’ve developed will be used in interpreting the lensed galaxy observations
to be conducted using the new James Webb Space Telescope, set for launch later this

year,” said Dr Sharma.

“It will help in the mission to interpret the mechanism that governs how stars are made, and
thus how galaxies evolve and form in the Universe.”

Figure 1. High resolution NIRC2 imaging data of
cswal28, zoomed in to highlight the two multiple images
aland a2 at z = 2.225. Inset shows the complete
field of view (FOV) of the lensing galaxy group at z =
0.214. The spatial resolution is 0.04 arcsec . Please
refer to Paper | for further details on this data.
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Figure 2. (a) Reconstruction of three wavelength channels with strong H a emission using
the pixelated (upper panels) and direct (lower panels) methods of source reconstruction
from the al datacube. Different values of [lv at the top of the panels represent the velocity
offset from the systemic redshift of the source. The yellow curve shown in the middle panel
represents caustics (regions of high magnification in the source plane) using the best- fitting
lens model. The blue ellipses show the FWHM of the effective source-plane PSF at two
different locations in the source plane. (b) Derived 2D source-plane H a intensity maps
in units of 10-16 erg s—1 cm-2 arcsec—2 using the pixelated and direct method of source
reconstruction for the al lensed image. The cyan ellipses refer to the clumps detected by
the ASTRODENDROQO in the pixelated reconstruction of the al lensed image as described
in Section 4. (c) and (d) same as (a) and (b) respectively, but for the lensed image aZ.

Background Image: Star-forming areas of the
galaxy cswal28, 10 billion light-years away,
magnified by an intervening galaxy cluster.

Credit: Sharma et al
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GALAH - GALACTIC ARCHAEOLOGY WITH

he Galactic Archaeology with Hermes (GALAH) survey is a large observing program
using the Hermes Instrument with the Anglo-Australian Telescope

The formation and evolution of galaxies is one of the great outstanding problems of
modern astrophysics. The goal of galactic archaeology is to uncover the history of the
Milky Way and how it formed and evolved.

HERMES provides simultaneous spectra for 400 stars at a time. We are using this to obtain the
highest spectral resolution multi-dimensional datasets for over a million stars of all ages and
locations in the Milky Way to trace the full history of the Galaxy.

The GALAH Survey has been working for almost a decade to reveal the rich history of our Milky
Way Galaxy by studying the current positions, motions, ages and chemistry of stars formed at
different times and in different locations.

In 2019, we have changed gears when entering Phase 2 of the survey: While in Phase 1, we
selected stars with a certain brightness randomly for our field-of-view, we are now prioritising
the targets that will give us the most reliable combination of chemistry, orbits, and stellar ages.
This holistic trinity will allow unprecedented studies of our solar neighborhood and uncover
never-seen Galactic trends of elements over time and to recover stellar populations that have
been almost or fully dispersed. In 2021, we were awarded another 155 nights along with long
term status, for observations through 2022. With our current progress, we will reach the record-
breaking number of 1 million spectra in 2022.

GALAH

GAlLactic Archaeology
with HERMES

We had our largest and most impactful data release, GALAH DR3, in November 2020 (65 citations
to the release description paper). It contains stellar parameters, abundances and value added
guantities (e.g. age and mass) for 678,000 stellar targets. It also included about 1 TB of reduced
spectra for all the observed targets. We had a coordinated release of 20 papers along with DR3,
highlighting important science that can be done with our data. Since the release of our data,

31 papers outside our collaboration have explicitly made use of our data. To further increase

the reach and impact of GALAH, a new website with more information has been developed by
our members at GALAH-survey.org. Additionally, we organised a 3-day international science
conference in July 2021 focussing on science with GALAH.

There is more to look forward to in the future. GALAH Phase-1 has highlighted the power of age
in understanding the formation history of the Milky Way. Phase-2 with its new selection strategy is
going to significantly enhance the number of stars with reliable ages and is also going to increase
the precision of abundances due to the increase in exposure time. To complement the raw data
quality, major upgrades to reduction and analysis are underway, which will significantly improve
the accuracy of our stellar parameters and abundances. A new reduction pipeline has already
been developed with a number of enhancements and new features. Work has also begun on a
new analysis pipeline that makes use of machine learning techniques to improve the accuracy of
the derived stellar parameters.

Figure 19. In June 2021, we held a conference in a hybrid format with
over 200 registrations from around the world. About 20 people in Sydney
were able to meet in-person while the rest were online.



https://www.galah-survey.org/science/2021-meeting/
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2021 PROJECT HIGHLIGHTS

Papers from the GALAH team
175 B Papers using GALAH data
150 - Papers mentioning GALAH
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Year

Figure 20: Left - The numbers of publications (top) and citations (bottom) mentioning the GALAH survey and using its
data are evidence of GALAH's strong and increasing influence on and contribution to Galactic archaeology:.

Figure 21: Right - When looking at the chemical composition of stars in the MilkyWay (measured by the GALAH survey),
we can tell apart those born in it (green) and those born in other galaxies (orange). Figure from Buder et al. (2022)
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momentum, and metallicity. This helped us to better understand the physical
processes like scattering and radial migration that influence disk evolution. In Sharma
et al (2020), we showed that the abundance of most elements can be predicted from

' just their age and metallicity. This suggests strong azimuthal mixing in the ISM. In

Hayden et al (2020b), we showed that we can turn the argument around and in fact
estimate age just from abundances. Using our newfound relations for velocity and
dispersion, in Sharma et al (2021b) we explained the origin of the double sequence in
the ([a/Fe], [Fe/H]) plane.

2021 PERSONNEL HIGHLIGHTS

GALAH Phase-2 began in semester 2019A, and will effectively complete 148 nights
of observing (including weather loss) in semester 2021B, marking a significant

step towards our goal of a 256 night campaign. Prior to 2021A we had effectively
observed 56 nights. In 2021A we were awarded a minimum of 155 nights (with

" provision of upto 200 nights) along with long term status, for observations from

2021A through 2022B. Semester 2021A was fruitful with 57% successful observing

. over 54 scheduled nights. Semester 2021B has been similar, with 56% successful
. observing time across 15 scheduled nights so far (out of 37).

In 2021, we welcomed new members Postdoctoral Researcher Dr loana Ciuca (ANU),
Hillary Davis Masters Student (UniSyd) and PhD Student Nabo Mukty (UniSyd).

PRIZES

Cl Prof. Joss Bland-Hawthorn at University of Sydney was awarded 2021 Walter Boas
Medal in Physics for having laid the foundations for modern Galactic archaeology,

near-field cosmology and astrophotonics, a field that lies at the interface of photonics and

1| instrumentation.
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KIRSTEN BANKS

PHD Student

AR University of New South Wales

ABOUT ME

My research entails studying two types of evolved stars, red clump and red giant branch stars.
These stars have very similar surface features such as effective temperature and surface gravity,
but their interiors are very different. Red clump stars burn helium in their cores, whereas red giant
branch stars have inert helium cores. Red clump stars are also very effective standard candles
and can be used to estimate distances through much of the Galaxy with high accuracy. Red giant
branch stars, however, are not standard candles.

These stars can be effectively distinguished through asteroseismology. Their differing internal
structures produce distinctive oscillations, but asteroseismic observations are time-intensive.
Recently a spectro-seismic connection has been identified.

In my research, we investigate this connection further and look to identify a kind of spectral
"blueprint" to effectively and efficiently distinguish the red clump from the red giant branch as well
as investigate the astrophysical origin of this connection.

GALAH Survey

WHY ASTRONOMY?

| was always interested in the sky as a young child. When | was in primary school | dreamed of
being a meteorologist and studying the weather but in high school, my science teachers took

my year group on an excursion to go see a documentary about the Hubble Space Telescope. |
remember sitting there, looking up at those incredible photos taken by this phenomenal telescope
in awe of how amazing and mysterious the Universe is and how much | wanted to uncover those
mysteries.

WHAT | LOVE ABOUT ASTRONOMY

When one question is answered, even more questions arise. The mystery never stops! | hope that
| learn something new every day for the rest of my life and in astronomy that is almost guaranteed!

WHAT | DON'T LOVE

Sticking to one project. Everything is just so interesting! | often find myself reading papers that
are almost completely unrelated to my research project instead of those that | probably should be
reading for background information in my PhD...

IF | WASN'T AN ASTRONOMER, | WOULD BE...

A TEACHER. DURING MY TIME AS A SCIENCE COMMUNICATOR, I'VE FALLEN IN LOVE WITH TEACHING. MY FAVOU-
RITE PART ABOUT IT IS WHEN SOMEONE FINALLY UNDERSTANDS WHAT YOU'RE TRYING TO EXPLAIN AND THEY
HAVE THAT LIGHTBULB OR "AH-HA" MOMENT.

A HIGHLIGHT IN 2021

My highlight of 2021 has been having a tunnel boring machine named after me. Not just for the
reason of having a massive Earth munching machine named after me but because of how it
happened. My name was nominated in a naming competition by a young Indigenous boy and,
very excitingly, won.

When | was young and dreaming of being a scientist, | didn't have anyone like me (a woman or
Indigenous or both) visible in the public to look up to. A big reason why [ strive to be visible online
and in the media is so that | can be the person | didn't have for the next generation of budding
scientists. And this shows that just that is happening and it fills my heart with joy.

| SURVIVED COVID IN 2021 BY...

One thing | did to help me relax during lockdown was sitting down on the couch, putting on my
favourite tv show and solving jigsaw puzzles. This was a great way for me to forget about all the
noise of the outside world for a little while. Oh, and buy and use LOTS of bath bombs!
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BIG GALAXIES STEAL STAR-FORMING GAS FROM THEIR

Large galaxies are knowr.1 to strip the gas that occupies the space between the stars of smaller
satellite galaxies. - 1

In research published today, astronomers have discovered that these small satellite galaxies also
contain less ‘molecular’ gas at their centres. Molecular gas‘is found in giant clouds in the centres
of galaxies and is the building material for new stars. Large galaxies are therefore stealing the

material that their smaller counterparts need to form new stars..

r the International
of Excellence in All

Lead author Dr Adam Stevens is an astrophysicist based
Centre for Radio Astronomy Research (ICRAR) and affiliatec
Sky Astrophysics in 3 Dimensions (ASTRO 3D). A
Dr Stevens said the study provides new systematic evidence that small galaxies everywhere lose
some of their molecular gas when they get close to a larger galaxy and its surrounding hot gas
halo.

“Gas is the lifeblood of a galaxy,” he said.

“Continuing to acquire gas is how galaxies grow and form stars. Without it, galaxies stagrj__ate.

“We’ve known for a long time that big galaxies strip ‘atomic’ gas from the outskirts of small -
galaxies. b -

“But, until now, it hadn’t been tested with molecular gas in the same detail.” -

——

ICRAR-UWA astronomer Associate,Professor Barbara Catinella said galaxies don’t typically live in

isolation. -
k3
"~ “Most galaxies have friends,” she says.

“And when a galaxy moves through the hot intergalactic medium or galaxy halo, some of the cold
gas in the galaxy is stripped away. -

“This fast-acting process is known as ram pressure stripping.”

The research was a global collaboration involving scientists front the University of Maryland,
Max Planck Institute for Astronomy, University of Heidelberg, Harvard-Smithsonian Center for
Astrophysics, University of Bologna and Massachusetts Institute’ of Technology.
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Molecular gas is very difficult to detect directly.

The research team took a state-of-the-art cosmological simulatic
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