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Why think now about a (sub-)mm array for the 2040s?
•  ALMA Wideband Sensitivity Upgrade (WSU) done in ~2030 
• Very different facility landscape in 2040s 
• Needs identified by Kavli-IAU report on global coordination  
• ESO’s Expanding Horizons effort

https://arxiv.org/pdf/2409.07570

next.eso.org

http://next.eso.org
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European effort towards an ALMA2040 vision

www.euroalma2040.com

• Identify primary science drivers 

• based on 70+ science pitches received in March/April 2025 

• developed further within the 9 science working groups  

• and discussed at 3.5-day workshop in May 2025 

• Evaluate technical specifications, refine  

• Prepare 3-page White Papers for ESO’s call (deadline: 2025 Dec 15) 

• refine key science goals at 3.5 day workshop in November 2025
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ALMA2040 Key Science Drivers

the next-generation 
(sub-)millimeter 
interferometer

The life cycle
of planetary
systems &

stars

The formation
and evolution
of structure

Evolution of
the cosmic

baryon cycle

Cosmic
explosions and

acceleration

Including the
formation of rocky
planets down to

~AU scales

Including
primordial galaxies

and black holes
out to z~20

Including dust &
the development

of chemical
complexity that

leads to life

Including multi-
messenger

astronomy in the
2040s

Learn more / join the e!ort:



The life cycle of planetary systems

Observe the 
formation of solar 

system analogues 
down to rocky 

planets and their 
paleo-biospheres

Andrews et al. (2018)



Planet Formation
•  ALMA Wideband Sensitivity Upgrade (WSU) done in ~2030 
• Very different facility landscape in 2040s 
• Needs identified by Kavli-IAU report on global coordination  
• ESO’s Expanding Horizons effort

next.eso.org

ALMA2040 Science Goals 

Observe planet formation in action down to AU 
scales, across evolutionary stages and around 

the most common stars in the galaxy 
Reveal pathways to planet compositions and 

chemical complexity across the water snowline

https://arxiv.org/pdf/2409.07570

ALMA2040 Requirements 

Cont. sensitivity: factor ~ 20 x improvement  
Line sensitivity: ~10 x improvement  

Need sensitivity first to boost resolution 
  

Spatial resolution: factor ~ 3 x improvement to 
resolve 1 AU @150 pc

Isella et al. 2016; McGregor et al. 2017; Benisty et al. 2021; Oberg et al. 2021; Pinte et al. 2023; Booth et al. 2024; Teague et al. 2025

http://next.eso.org
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Open a new 
window into 

(exo)planetary
physics

Reveal the 
impact of stellar
evolution on the 

planetary life 
cycle

Observe the 
formation of solar

system analogues
down to rocky 

planets and their 
paleo-biospheres

Andrews et al. (2018)

Uncover the 
emergence of 

complex
organics

across photo-
planetary disks & 

solar system 
bodiesOberg et al. (2021)
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Study the evolution of galaxies
and their environments from 

the early Universe to today

[OIII] at z=14.18 Schouws et al.  
(2025),  

Carniani et al.  
(2025)
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Study the evolution of galaxies
and their environments from 

the early Universe to today

[OIII] at z=14.18 Schouws et al.  
(2025),  

Carniani et al.  
(2025)

Characterise the physical conditions of 
(primordial) galaxies out to z=20

Ciesla+21; Tokuoka+22; Carniani+25; Schouws+25; Bakx+in prep

Uncover the 
emergence and 
impact of black

holes and
magnetic fields

polarisation @ z=2.553

de Roo et al. (2024)

2 kpc

Measure the 
dark matter

haloes (of Milky 
Way) progenitors 
across cosmic 

time
Lee et al. (2025)



L3@AG2*@/(@F(2E,(H@1J*H(-.84@/(H4HA,(*/(7.A.H2*H(,H@1412,J1(.H8@11(H@1J*H(2*J,

Chart the 
evolution of the 
star-forming
interstellar

medium across 
cosmic time

Lee et al. (2023)

Uncover the 
origin of 

chemical
complexity

that led to life

ALMA surveys, e.g. REMOCA, PILS 
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Characterise 
the multi-

phase gas in 
and around 

galaxies

courtesy: J. den Brok, M. Querejeta

multi-line ISM tomography

Chart the 
evolution of the 
star-forming
interstellar

medium across 
cosmic time

Lee et al. (2023)

Reveal the origin 
of the very first
dust  and follow 
the pathways of 
dust production

Ciesla et al. (2025)

Uncover the 
origin of 

chemical
complexity

that led to life

ALMA surveys, e.g. REMOCA, PILS 
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Resolve the 
feeding of

active super-
massive BHs  & 
their feedback 
(from torus to 
accretion disk) 

over cosmic timeHarrison & Ramos-Almeida (2024)

Target region
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over cosmic timeHarrison & Ramos-Almeida (2024)

Target region

M'=#6)+-&&,5#$EC$O$,!&$?&.'Q)N2%(*&%$4)'24&.

Zoom-in on 
physical 

properties of 
central super-
massive black

holes

JAO press release (2021)

Uncover the 
dynamics and 

time evolution of 
cosmic

explosions, jets
and outflows

Fisher et al. (2023), PP VII

Follow up and 
resolve multi-
messenger

sources
in the 2040’s

CXO press release (2018)

GW 170817
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European effort towards an ALMA2040 vision
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• Identify primary science drivers 

• based on 70+ science pitches received in March/April 2025 

• developed further within the 9 science working groups 

• and discussed at 3.5-day workshop in May 2025 

• Evaluate technical specifications, explore technical opportunities   

• Prepare 3-page White Papers for ESO’s call (deadline: 2025 Dec 15) 

• refine key science goals at 3.5 day workshop in November 2025
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ALMA2040 Key Science Drivers

the next-generation 
(sub-)millimeter 
interferometer

The life cycle
of planetary
systems &

stars

The formation
and evolution
of structure

Evolution of
the cosmic

baryon cycle

Cosmic
explosions and

acceleration

Including the
formation of rocky
planets down to

~AU scales

Including
primordial galaxies

and black holes
out to z~20

Including dust &
the development

of chemical
complexity that

leads to life

Including multi-
messenger

astronomy in the
2040s
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Foreseen capabilities:

Learn more / join the e!ort:




