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Intro to the ALMA Wideband Sensitivity Upgrade (WSU)
Jennifer Donovan Meyer (NRAO/NA ALMA Development Team)

WSU Special Session “New perspectives on protoplanetary disks 
in the era of JWST and the ALMA WSU”  (AAS 245: January 14, 2025)
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Expand bandwidth by at least a factor of two

Optimize archive science

Extend baselines by a factor of 2-3

Develop science cases for increasing the number of 12-m antennas 

Study science case and technical feasibility of focal plane arrays

ALMA 2030 Development Priorities
Based on ALMA Development Roadmap (Carpenter et al. 2018, arXiv 1902.02856)

Progress in the three fundamental science drivers require 

increased bandwidth and sensitivity to keep ALMA at forefront 

of scientific discovery
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• Upgrade of the bandwidth and throughput of the ALMA 
system

• upgraded receivers with increased bandwidth and improved receiver 
temperatures (and revamp of entire signal chain)

• more powerful correlator
• increased data reduction capacity

Correlator ArchivesData processing AstronomersAntennas Receivers Back end

Upgrade!

Wideband Sensitivity Upgrade (WSU): 

Top Priority of the ALMA 2030 Roadmap
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ALMA Wideband Sensitivity Upgrade
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Development Roadmap Priority Goal: 

Expand system bandwidth by at least 

2x with improved sensitivity

New/upgraded components per WSU shown in blue.
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WSU program 
under planning 
and review; 
meets 2030 
Development 
Roadmap 
requirements

Follow-on WSU 
initiatives to 
meet full vision 
of the 2030 
Development 
Roadmap; 
post-2030, 
subject to 
funding 
availability

Proposed Stages of WSU Implementation *

* Subject to review outcomes/ALMA Board approval
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Proposed Stages of WSU Implementation *

WSU program 
under planning 
and review; 
meets 2030 
Development 
Roadmap 
requirements

Follow-on WSU 
initiatives to 
meet full vision 
of the 2030 
Development 
Roadmap; 
post-2030, 
subject to 
funding 
availability

Follow-on 
WSU initiatives 
to meet full 
vision of the 
2030 
Development 
Roadmap; 
post-2030, 
subject to 
funding 
availability

* Subject to review outcomes/ALMA Board approval
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WSU 2025 Major Program Reviews 
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• Receiver bandwidth
• Correlated bandwidth
• (Observing speed)

Available bandwidth for 
given velocity resolution 
(current system)

WSU Receiver and Correlated Bandwidth
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• Receiver bandwidth
• Correlated bandwidth
• (Observing speed)

Available bandwidth 
for at least 0.1 km/s

WSU Receiver and Correlated Bandwidth

Available bandwidth for 
given velocity resolution 
(current system)
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A huge increase in “Spectral Grasp” => science from a single observation/tuning
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The ALMA WSU will benefit all observations

Enhanced Capability WSU Improvement for 2x BW Correlation (16 GHz per pol)

Future 

Improvement with 

4x BW

Receiver bandwidth 

increase

2-4x in instantaneous bandwidth (as receiver bands are upgraded)

• Fewer tunings to cover a receiver band
…

Correlated Bandwidth 

increase

2x for low spectral resolution

Up to 4x (Band 10) and 68x (Band 1) for 0.1 km/s spectral resolution

• No more trade-offs between resolution and bandwidth

Up to Additional 2x

Spectral scan speed 

increase

2x for low spectral resolution

Up to 4x (Band 10) and 64x (Band 1) for 0.1 km/s spectral resolution

• Improved spectral scan speed

Up to Additional 2x

Spectral line Imaging 

speed

~2.2x from improved receiver noise temperatures and digital efficiency* 

• Improved line imaging speed
…

Continuum Imaging 

speed

≥ 4.8x from correlated bandwidth increase, improved receiver noise 

temperatures and digital efficiency* 

• Improved continuum imaging speed

Up to Additional 2x

Ultra-high spectral 

resolution
• Access to 0.01 km/s at all ALMA frequencies for the first time …

* Increased bit-depth in digitization and correlation stages will yield ~20% improvement in sensitivity, 
even for receiver bands that have not yet been upgraded

➢ Equivalent to adding 1000 additional hours of observing time per cycle
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www.nrao.edu

science.nrao.edu

public.nrao.edu

The National Radio Astronomy Observatory is a facility of the National Science Foundation

operated under cooperative agreement by Associated Universities, Inc.
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Expanding possibilities of protoplanetary disk 
characterization with HITRAN2024

Robert J. Hargreaves, Iouli E. Gordon,   Vladimir Makhnev,   Thibault Bertin,   Laurence S. Rothman

www.hitran.org

206.02

Poster

Numerous molecules detected in protoplanetary disks with JWST Adapted from Kanwar et al. (2024)

Line-by-line lists expanding for 
HITRAN2024 to 61 molecules 

Many absorption cross-sections to be added  
for HITRAN2024, in addition to +300 already 

included (inc. multiple hydrocarbons)



22 AAS 245 – New perspectives on protoplanetary disks in the era of JWST and ALMA WSU

Early Results from the Disk-Exoplanet C/Onnection (DECO) Large Program
Charles J. Law, Ilse Cleeves, & the DECO Team – Poster 206.04

Dust gallery of DECO disks.

• DECO (PI: I. Cleeves) is an ALMA Cycle 9 LP

• Main lines are CO isotopologues, C2H, & N2H
+

• Spatial & velocity resolutions of 0.”2–0.”5 & 0.15 km/s

Disks show high (>1) C/O ratios, 

but exoplanets have lower values 

(<1).

JWST-MIRI shows rich inner disk 

chemistry.

DECO will measure the C/O ratio in a statistical sample of 80 “typical” 

protoplanetary disks to compare with existing/forthcoming exoplanet 

measurements.

Bonus lines: H2CO, CS, 13CS, SO, 

H2CS, HCN, c-C3H2, DCN, N2D
+, 

CH3OH…. 

Bergin+24
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Right: Legend for radial 

velocity of dust orbital

Bottom left/right: Model of 

singular dust orbital 

Right: The parameters found 

from the results of Mendoza

Bottom left/right: TIPSY 

simulations of dust orbitals 

Free Fallin’: Mapping the Trajectory of Infalling Mass 

around Protostars
Vincent Louis Claes1, Lee Hartmann1, Aashish Gupta et al2

1University of Michigan - Ann Arbor; 2European Southern Observatory

TIPSY Simulation Results Our Simulation Results
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