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• Located in the Atacama desert 
(Chile), at an altitude of 5,000 m.


• Main array: Fifty 12 m antennas


• ALMA compact array (ACA) or Morita 
array:


• Twelve 7-m antennas


• Four 12-m antennas (total power)


• Maximum baselines:16 km


• Angular resolution (at 1 mm, last 
cycle): from ~1.5’’ down to ~0.03’’.

Current capabilities
The ALMA observatory



• 9 receivers bands, covering 
frequencies from 35 GHz to 
950 GHz (0.3 mm to 8 mm).


• The correlator can process 
four 2 GHz basebands per 
receiver, with resolutions (at 
300 GHz) between:


• 0.03 km/s for a 58.6 GHz 
bandwidth 


• 0.98 km/s for a 1875 MHz 
bandwidth



• The first observations (cycle 0) started 
in 2011.


• After only 5 years of operation, the 
initial top-level science goal had 
already been achieved:


• Ability to detect CO or C+ line 
emission from a normal galaxy at z = 
3, in less than 24 hours of 
observation.


• Ability to image the gas in a solar-
mass protoplanetary disk at a 
distance of 150 pc.


• The ability to provide precise images 
at an angular resolution of 0.1”.


• The ALMA board appointed a working 
group to develop a strategic vision for 
ALMA 2030. This led to a development 
roadmap, which was approved in 2018.

TW Hya , d = 50 pc
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• This new science goals require technical upgrades.


• Main recommendation: broaden the IF bandwidth and increase the 
data throughput (ALMA Wideband Sensitivity Upgrade, or WSU).

3 new fundamental science drivers
The ALMA development roadmap



A major increase in the instantaneous bandwidth
Wideband sensitivity upgrade (WSU)

Instantaneous bandwidth per polarization (GHz)

Carpenter et al. (2022)



• The full receiver band can be covered at high spectral resolution 
(0.1-0.2 km/s). No more trade-offs between resolution and 
bandwidth. 

Carpenter et al. (2022)

(0.1-0.2 km/s)
(0.3-8 km/s)



Carpenter et al. (2022)

• The first elements of the WSU will be available before 2030, 
including a Band 2 receiver, an upgrade to Band 6 (6v2), new 
digitizers and digital transmission system, and a new correlator.



• The WSU will provide:


• A factor of 70 increase in spectral scan speed increase for 0.1 km/s resolution in 
Band 2.


• A factor of (at least) 3 increase in continuum imaging speed (bandwidth 
increase, lower receiver noise).


• A factor of (at least) 2 increase in spectral line imaging speed (better receiver 
noise).


• Access to ultra-high spectral resolution: 10 m/s.


• All 3 main science drivers will benefit from this upgrade.

Benefits of the WSU will impact all observations
The scientific impact of the WSU



• ALMA cycle 9 large program, P.I. 
Jes Jørgensen (NL) 


• Main goal: comprehensive 
inventory of the complex organic 
molecules (COMs) composition in 
a large sample of young 
protostars. 


• 33 GHz frequency window in 
Band 7 at 0.5 km/s spectral 
resolution, 9 frequency settings.


• With the WSU 2x, the same range 
could be covered in 2 settings, at 
0.1 km/s resolution ! (x4 faster)


• Reducing and analyzing such a 
large volume of data is a 
challenge.

Spectral surveys of young protostars
The COMPASS large program

Jørgensen et al. (in prep.)



• Would benefit all programs by 
increasing the sensitivity and 
the uv coverage, especially for 
the longest baselines (16 km).


• Additional benefits:


• More calibrators available, 
and hence better 
atmospheric phase correction 
(especially at high frequency). 


• Self-calibration would also be 
improved (more baselines).

Additional antennas
Possible upgrades beyond the WSU



• Observing disks in the closest star-
forming regions at 1 au resolution 
(Taurus, Ophiucus, and Lupus) would 
require extending baselines by 2-3x 
(30 to 50 km).


• 2 options:


• Outside the current concession, 
with antennas permanently 
stationed on distant stations 
(moving them outside the current 
concession would be unfeasible).


• Inside the current concession, at 
the operation support facility 
(3000 m, ~ 15 km away from the 
observatory), but limited to lower 
frequencies.

Extended baselines
Possible upgrades beyond the WSU

Andrews et al. (2016)
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• Would increase ALMA wide-field mapping speed to survey 
large regions of molecular clouds, image nearby galaxies, and 
deep-field cosmological surveys.


• 4-16 pixels receivers could be accommodated at the focal 
plane.


• Requires a larger correlator.  


• Such arrays are being tested at the 30m (c.f. Karl’s talk).

Focal plane arrays
Possible upgrades beyond the WSU



• The WSU is a major upgrade of the ALMA, that will impact all 
observations.


• The first elements of this upgrade (Band 2 and 6, new correlator) 
will be available by 2030. Other bands will follow.


• On longer timescales (2040), additional upgrades (longer 
baselines, additional antennas, focal plane arrays…) are under 
consideration.


• The European community is preparing a science case for these 
upgrades (« ALMA2040 »), following the ESO Expanding Horizon 
call.

What can we expect from ALMA in the coming years?
Conclusions



http://euroalma2040.com



http://euroalma2040.com


