This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 951815

and the Horizon Europe programme under grant

agreements No 101188037

Thomas Stanke
Max-Planck-Institut fiir Extraterrestrische Physik, Garching

Mark Booth

UK Astronomy.Technology Centre, Royal Observatory Edinburgh, UK
With-many contributions from members of the AtLAST(2) consortium and science working groups

o
The Atacama \_../
Large Aperture
Submillimeter

Telescope: AtLAST(2)



ollaborations

entral role

WP1 - Governance & Coordination

WPS5 - Energy study 5 L0

s design driven by

transformational
WP3 - Site selection seience goals

WP6 - Science Case

(500 GHz))

WP2 - Telescope Design

serving a

WP4 - Operations



Project implementation

- Timeline: 1 March 2021 - 31 August 2024 (3.5 years)

- Total cost ~3.5M EUR, funded under EU’s Horizon 2020 call “Development and long-term sustainability of
new pan-European research infrastructures”, specific topic “design studies” (proposal submitted = Nov
2019)

- 5 Partners: University of Oslo (2 departments: astro (ITA) & renewable energy (ITS)), ESO, UKRI, OHB DC (ex-
MTM), University of Hertforshire; 6 deeply interconnected work packages

Check the AtLAST website: https://www.atlast.uio.no
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AtLAST Design

See Mroczkowski et al. 2024

Parameter Value
Wavelength (1) range 0.3-10 mm
Primary Mirror Diameter 50 m
Field of View (FoV) 2¢ (1°)
Number of Instruments =3
Effective Focal Length = 100 m
Number of Mirrors <4
Number of Segments = 400
Sizes of Segments = 5 m?
Total Collecting Area ~ 2000 m?
Optical surface accuracy 20-25 uym

Surface Coating

Optical Design
Description of Active Optics
Actuator Precision
Pointing accuracy

Scan Speed

Acceleration

Elevation (EL) range
Azimuthal (AZ) range
Mount Type

Support Structure Material

similar to ALMA
Cassegrain-Nasmyth
active surface with metrology
= 10 gm
2.”
3%
1°5~2
20° - 9
+270°
AZ-EL
steel & invar




Environmental Sustainability

* Design includes sustainability from the start. |

e Dish will use novel regenerative - o _
braking technique to reduce power consumption g:‘h('"—‘ﬂ&»
(Kiselev et al. 2024).

e In-depth study into sustainable power supply has
also been conducted demonstrating how the
telescope can be powered with renewable energy
(Viole et al. 2023, 20244, 2024Db).

* There is potential for this to be in collaboration
with the local communities for mutual benefit

enzuela-Venegas et al. 2024). AtLAST WP5 team members visiting the new
photovoltaic array of the Cooperativa
Eléctrica San Pedro de Atacama (CESPA) in
July 2022




AtLAST Site Characterization

Carlos De Breuck (ESQO), Angel Otarola (ESO), Guillermo ya/enzue/a (UiO), Juan Pablo Pérez - Beaupuits
(APEX), Carlos A. Duran (APEX), Neil Phillips (ESO), Lars-Ake Nyman (ESO), Matthias Reichert (OHB)
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AtLAST Site Characterization
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Science Case Studies

8 case studies submitted to Open Research Europe.
https://open-research-europe.ec.europa.eu/collections/atlast/about

Surveying the distant Universe, van Kampen et al. 2024

Resolving the Hot and Ionized Universe through the Sunyaev-Zeldovich effect, Di Mascolo et al. 2024

The hidden circumgalactic medium, Lee et al. 2024

Gas and dust in nearby galaxies, Liu et al. 2024

Our Galaxy, Klaassen et al. 2024

Planetary and Cometary Atmospheres, Cordiner et al. 2024

Solar and stellar observations, Wedemeyer et al. 2024

Probing the Transient and Time-variable Sky, Orlowski-Scherer et al. 2024

SPIE Proceedings: Booth et al. 2024a
ience Overview Report: Booth et al. 2024b



https://open-research-europe.ec.europa.eu/collections/atlast/about
http://arxiv.org/abs/2403.02806%E2%80%8B
https://arxiv.org/abs/2403.00909
https://arxiv.org/abs/2403.00924%E2%80%8B
https://arxiv.org/abs/2403.01202
https://arxiv.org/abs/2403.00917
https://arxiv.org/abs/2403.02258
https://arxiv.org/abs/2403.00920
https://arxiv.org/abs/2404.13133
https://arxiv.org/abs/2405.20140
https://arxiv.org/abs/2407.01413%E2%80%8B

Science Case Studies

Detailed
science
goal

Detailed
technical
specifica-
tion

Measuring the total gas and
dust content of the Milky Way
and other galaxies, in the in-
terstellar, circumgalactic, and
intergalactic media, reaching
down to the sensitivities re-
quired to probe the typical pop-
ulations of sub-mm sources.

Understanding the lifecycle of
gas and dust near and far;
mapping the baryon cycle on
multiple-scales; observing the
interplay between gravity, ra-
diation, turbulence, magnetic
fields, and chemistry and their
mutual feedback.

Identifying the mechanisms re-
sponsible for time variability
across astrophysical sources:
from the Solar corona and
other objects in our solar sys-
tem to luminosity bursts in ev-
erything from protostars to ac-
tive galactic nuclei.

High sensitivity to the faint
signals (at sub-mK levels) on
large scales (>1 deg?) from
even the most diffuse and cold
gas through sub-mm line trac-
ers. Wide field (>500 deg?)
continuum surveys capturing
the plane of our galaxy and
resolving 80% of the cosmic
infrared background, probing
typical populations and looking
back over 90% of the age of
the Universe.

High spectral resolution and
polarisation measurements
on the relevant size scales
for cores (0.1 pc, our galaxy),
clumps (10 pc, nearby galax-
ies) and cloud complexes (~
few kpc, distant universe) to
quantify the chemistry, dis-
entangle the dynamics, and
measure the magnetic fields
working together to shape the
evolution of structures within
their larger-scale environ-
ments.

Table 1: Key Science Drivers for AtLAST

An operations model that al-
lows for highly cadenced
and rapid response obser-
vations and data reduction
pipelines with in-built tran-
sient detection algorithms;
high time-resolution (few sec-
onds) observations of our Sun
and other stars.

From: Science
Overview Report:
Booth et al. 2024b



https://arxiv.org/abs/2407.01413%E2%80%8B

Requirements - Single-Dish

- 1 . i r = = = ‘}! ‘v——-."-‘. ~r gl X s 2.#03 A

=- U . .. . - - -~ i, | . A min=- P

M max=1 5Se-01 IS : 1. ’ 7 ‘Lixr“ *‘D_,..C .'4:-'- ; p - E ..'. max=2 Se-03 ‘,_.:_'
RMS=7 2e-03§ e ' N Ty & TIRMS=4 le-04

Fa T L
,:_.-;'..’,‘_ e k)
F by Y L R e

; 3
¥ LA o
A P S s DR A B S B LR AN e P L

CGM: Cicone et al. 2019

Interferometers lack sensitivity to large-scale structure needed for
observing extended sources such as Galactic clouds and CGM.




Requirements - 50m Dish

®* Resolution of a few
arcseconds needed to
separate sources e.g. to
resolve 82% of the cosmic
infrared background at
350um (see right) or to
distinguish Enceladus
from Saturn.

* The large collecting area
of a 50m dish also
naturally provides a
great sensitivity in a short
time.

@ High-z galaxies: van Kampen et al. 2024
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Requirements - 1-2 deg® FoV

* From observations of the Sun's
entire disc to mapping the plane
of the Milky Way to surveys of
high-z galaxies, there are a vast
range of topics where a degree
scale FoV combined with a large
collecting area provides the
mapping speed necessary to
produce transformational
results.

* In addition, a degree scale FoV is
required to capture degree scale
structures such as those
that produce the SZ effect.
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Klaassen et al. 2024



Requirements - Wavelength Range
SZ effect: Di Masco

o) et al. 2024
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Requirements - Continuum Camera

* Large format camera to make full use of
the telescopes large FoV

® Multi-chroic to simultaneously observe
multiple wavelengths - particularly for
transient phenomena such as solar flares

* Solar observing capabilities

* Polarisation capabilities
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Fig. 2. Evolution of a synthetic sub-mm and IR flare T}, spectrum from
RHD modelling (from Simdes et al. 2017). From these simulations, for
A = 50um, T, should provide the electron temperature in the optically-
thick upper chromosphere.

Solar flare: Wedemeyer et al. 2024



Requirements - High resolution spectrosc

* Resolutions of 0.01km/s needed for
Galactic plane studies to resolve
double peak structure of lines.
Bandwidth of 16-32 GHz enables
multiple species to be detected
simultaneously. Large number
(~1000) of pixels needed to ensure a
high mapping speed.

* Planetary and cometary
atmospheres motivate an even larger
bandwidth of 64GHz due to the wide
variety of molecular species,
although for this a resolution of

0.1km/s is adequate.
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Pre-stellar core: Ferrar Asensio et al.
2022




Requirements - Low resolution spectrosc

* For large surveys of both nearby and distant galaxies, a resolution of
~100km/s is adequate. A large FoV to capture large numbers of galaxies
and a large bandwidth to trace spectral lines across all redshifts are much

more efficient.

Heterodyne with 919 beams Heterodyne with 217 beams x3 IFU with 50x50 pixels, 4" size IFU with 900x900 pixels , 4" size
Field of view ~2.6 arcmin? Field of view ~0.62x3 arcmin? Field of view ~11 arcmin? Field of view ~1 deg?
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Liu et al. 2024



Telescope operations

* The wide range of science cases set out here prompts the need for a multipurpose
facility capable of both small and large (from hours to 1000s of hours) observing
programmes.

* The high sensitivity and large FoV will provide excellent opportunities for transient
science and motivate the need for a variety of specialised observations including time
critical, target of opportunity, multi-epoch and co-ordination with other observatories.
The possibility of discovering new transients with AtLAST motivates the need for
developing a transient pipeline that can trigger alerts.

* Incorporating AtLAST into a VLBI network also has requirements for co-ordination
with other observatories as well as the need for specialised backend equipment.

N
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Summary

With AtLAST we can:

 Survey 1000 deg? in continuum to detect >50 million high redshift galaxies, resolving the CIB
and detecting galaxies as faint at L* out to at least z=5 in 1000 hours.

* Resolve cores in our own galaxy and clumps in nearby galaxies, whilst simultaneously
detecting the extending interstellar medium and circumgalactic medium to quantify the
chemistry, disentangle the dynamics, and measure the magnetic fields working together to
shape the evolution of structures within their larger-scale environments.

« Perform regular monitoring of variables, rapid follow-up of transients and even
trigger follow-up of serendipitously detected transients in our large FoV.

N

.




AtLAST-2

4AMEUR/4year EU infrastructure project

* Started in January 2025

* Kick-off meeting in Cagliari/Sardinia in April 2025

* Expanded consortium from 5 to ~20 partners (three continents: Europe, Africa, Asia)

Goals:

* increase the TRL of several components of the
telescope design and renewable energy system
(through prototyping and testing on APEX and SRT)

* preliminary design review of the telescope

* instrumentation development work

* upgrades of existing software tools for science forecasts

* devising a science reference plan obe Scopeof ST

* elaboration of innovative and transparent operations cqncepts rurdes cenvouor

Funding guaranteed nationally (CH)

W Third Party Contributor

* full life cycle assessment of the AtLAST research infrastrUcturems cuna oo

[¥ External Contributors to AtLAST H2020
Science Cases

Created with mapchart.net

Figure 14: Global reach of the AtLAST project, showing host nations of the institutes in this proposal (whether
Jfunded or third parties) as well as the host nations of those who contributed to the current design study through
science contributions (if not already highlighted because of contributions to this proposal) and the eventual host
country of the telescope (Chile).
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WP5.1 Power management

WP5.2 Energy storage
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L0 Search

Thanks!

Follow our updates:

Welcome to the webpage of the Atacama Large Aperture

Submillimeter Telescope project. AtLAST is a concept for a next
generation 50-meter class single-dish astronomical observatory
operating at sub-millimeter and millimeter wavelengths, run as a

facility telescope by an international partnership and powered by

- Updates released through our
newsletter, website (atlast.uio.no) and
on social media. We are on bluesky
@atlastdesign.bsky.social and
L| n ke d I N AtLAST2 Publications The team

The EU-funded AtLAST2 project started Overview of recent scientific The AtLAST2 study is carried out by an
in January 2025 and will last four years. publications related to AtLAST. international consortium of universities,
research institutes and industry.

renewable energy.

—> Discover the new project = List of publications

- EU Horizon Infrastructure N e
Development grant
started in January 2025!!!

The French AtLAST days: engaging with
scientific and engineering communities
May 29, 2025 9:09 AM

Designing the future AtLAST data
= platform
Mar. 19, 2025 9:23 AM

PhD Success in the AtLAST Team:
Celebrating Four New Achievements
Nov. 26, 2024 3:24 PM

—>  All news about AtLAST

Events

No upcoming events

4

Kicking off the Horizon Europe AtLAST2
project: new partners, pathfinder
telescopes, and ambitious plans

May 15,2025 12:21 PM

APEX, a pathfinder for AtLAST
Jan. 29,2025 2:05 PM

Publication of the AtLAST Science White
Papers
Aug. 8,2024 4:07 PM




Relevance to the German community?

e.g.:
* Involvement in science case development

From Ramasawmy+2022


https://arxiv.org/abs/2207.03914

Relevance to the German community?

e.g.:

* Involvement in science case development
* Telescope design (OHB DC Mainz)

* MPIfR/APEX, Univ. Cologne

* (ESO)

From Ramasawmy+2022


https://arxiv.org/abs/2207.03914
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