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ALMA original science drivers

• Ability to detect spectral line emission from CO or C+ in a normal galaxy like the Milky Way at a 
redshift of z = 3, in less than 24 hours of observation 

• Ability to image the gas kinematics in a solar-mass protoplanetary disk at a distance of 150 pc, 
enabling one to study the physical, chemical, and magnetic field structure of the disk and to 
detect the tidal gaps created by planets undergoing formation

• Ability to provide precise images at an angular resolution of 0.1”
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Sensitivity and frequency coverage

Neeleman et al. 2019

ALMA [CII] spectra of three damped Ly absorber 
galaxies at z ~ 4

Luminosity ~ (0.36-30) 108 Lsun 
Star Forming Rate: 7-110 MSun/yr Carpenter et al. 2022
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Superb imaging
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35 mas (5 AU) angular resolution 
of protoplanetary disks at 
distances of 100-160 pc
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ALMA 13 CO(3-2) images 
revealing the kinematics of the 
protoplanetary disk PDS 70 
(d=113.4 pc), which harbours a 
planet imaged in the near-IR 
(PDS 70b)
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From Bolatto et al. (2015) …

• By 2015, the international ALMA community started to consider longer term goals and to identify 
the key upgrades that would sustain its scientific productivity into the 2030s and beyond
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https://www.eso.org/sci/facilities/alma/developmentstudies/ALMA2030-Reports.pdf



… to Carpenter et al. (2019)

• And an ALMA Development Working Group was established to hone the recommendations into a plan
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https://library.nrao.edu/public/memos/alma/main/memo612.pdf
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The ALMA 2030 Roadmap
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ALMA in the 2030s: scientific drivers

https://www.almaobservatory.org/en/publications/the-alma-development-roadmap
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• Spectral range

• Spectral grasp

• Spectral line sensitivity

• Continuum sensitivity

M. Díaz Trigo, 27.05.25, CfP 2025 Information Meeting
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Required scientific capabilities

• Spectral range

• Spectral grasp

• Spectral line sensitivity

• Increased angular resolution

• Continuum sensitivity

• Increased angular resolution
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• Spectral range

• Spectral grasp WSU

• Spectral line sensitivity WSU

• Continuum sensitivity WSU

• Increased angular resolution 
M. Díaz Trigo, 27.05.25, CfP 2025 Information Meeting
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Mapping scientific capabilities to technical capabilities 
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ALMA in the 2030s: development priorities
Short term upgrades: 

• Band 1 (35-50 GHz) from 2023 on: adding 1.3 < z < 2.3 range for CO(1-0)

• Band 2 (67-116 GHz) from 2026 on: adding 0.37 < z < 0.7 for CO(1-0)

Near to mid-term goals:

• Wideband Sensitivity Upgrade: broaden receiver IF bandwidth by up to 4x, and upgrade of associated 
electronics and correlator for gains in speed (Science case arXiv:2211.00195, see M. Zwaan’s and G. 
H. Tan’s talks)

• Archive: increase usability/impact (Archive Vision WG, see F. Stoehr’s and E. Villard’s talks)

Longer term goals: 

• Longer baselines (ESO Internal development study)

• Wide field mapping speed (Ongoing development study)

• Additional antennas
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"High spectral resolution" is defined here as  ~0.1 km/s

Plot is for the 16 GHz correlated bandwidth upgrade
(2x bandwidth)

WSU: Increase in correlated bandwidth (spectral grasp)

Increase of correlated bandwidth by 
factors 4-70

Current ALMA: need to choose narrow 
bandwidth for high spectral resolution

ALMA 2030: 0.1-0.2 km/s resolution 
across 16 GHz BW
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"High spectral resolution" is defined here as  ~0.1 km/s

Plot is for the 16 GHz correlated bandwidth upgrade
(2x bandwidth)

WSU: Increase in observing speed
Increase of observing speed

• Continuum imaging speed increase by x3 (x6) for 
x2(x4) correlated bandwidth*

• Spectral line imaging speed increase by ~ x 2-3**

• Spectral scan speed increase by x 2-64*

*Including digital efficiency improvements (~20%) 
**Including digital efficiency improvements (~20%) and 
lower receiver noise temperatures (~20-30%)
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Gain in spectral scans

z=9.11
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Öberg et al. (2021)

Jørgensen et al. (2016)
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Example: spectral scan in bands 2/6

• Band 2:

• Current ALMA: 209 tunings at 0.12 km/s

• ALMA 2030 (2x BW): 4 tunings

• ALMA 2030 (goal): 2 tunings

• Band 6:

• Current ALMA: 68 tunings at 0.16 km/s

• ALMA 2030 (2x BW): 5 tunings

• ALMA 2030 (goal): 3 tunings
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WSU: Peak data rates and volumes
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• Peak data rates will increase by factors up to 30x, although rates are below current limit in 70% of cases

• Values in the long tail dominate requirements for transfer, storage, and processing of data
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In summary…
• The next development studies should help in the implementation of the ALMA 2030 Development 

Roadmap priorities including but not limited to:

• Development of new receiver components allowing an expansion to 4x the current IF bandwidth

• ...

• Software initiatives that enable and maximize the science output of the WSU (data processing or 
ADPs)

• Archive development 

• See next talks for details!
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Thank you!
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@ESOAstronomy

@esoastronomy

@ESO

european-southern-observatory

@ESOobservatory

María Díaz Trigo
mdiaztri@eso.org
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