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A small complement of receivers for  
the ALMA Band 5 (163–211 GHz) is 
under construction. This workshop was 
devoted to the scientific potential and 
goals of a full set of Band 5 receivers 
for ALMA, with emphasis on the detec-
tion of water in the local Universe and 
the 158 µm emission line of C+ from 
high redshift galaxies. 

The Atacama Large Millimeter/submillim­
eter Array (ALMA) observatory is cur-
rently in the commissioning phase on 
Chajnantor, with expected release of the 
first call for proposals for Early Science  
in a few months. ALMA will be initially 
equipped with a subset of the receiver 
bands that are finally envisaged. The initial 
receiver bands selected were those 
deemed to be both feasible and of the 
highest scientific interest when construc­
tion was approved. ALMA Band 5 (163–
211 GHz), although always considered to 
be scientifically important, was placed  
at lower priority, primarily because of the 
difficulty of observing close to the strong 
atmospheric water line at 183 GHz. 

Following the accumulation of statistics 
showing that the transparency of the 
Chajnantor site around the water line is 
better than expected and the devel­
opment of improved phase-correction 
techniques, a proposal to support the 
construction of six Band 5 receivers for 
ALMA was supported by the European 
Commission (EC) under the Framework 
Programme 6 (FP6). The main scientific 
motivation was the synergy between 
ALMA Band 5 and the HIFI instrument on 
the Herschel satellite, which is currently  
in full operation. ALMA Band 5 will allow 
us to resolve and image emission from 
water and its isotopes, which are being 
detected by Herschel at other (typically 
shorter) wavelengths invisible from the 
ground. The small complement of Band 5 

receivers will be installed at the ALMA 
Observatory by 2012. 

Since the initial proposal to the EC, the 
scientific case for Band 5 has strength­
ened and initial tests of the first receivers 
are very promising. In order to take  
full advantage of the development work 
already undertaken as part of the EC–
FP6 project, it is timely to consider the 
production of a full set of Band 5 receiv­
ers. A necessary preliminary step is  
the re-evaluation of the scientific potential 
and goals of an ALMA fully equipped  
with Band 5: this was the primary aim of 
the workshop.

Over the last decade, and especially  
in the last few years, there has been an 
increasing interest in observations at  
the frequencies offered by the ALMA 
Band 5, for both Galactic and extragalac­
tic science. Water is, of course, of intense 
interest because of its role in the origin  
of life. A key application for Band 5 is 
therefore high resolution imaging of the 
water line at 183 GHz in our own Solar 
System, Galactic and nearby extragalac­
tic sources. In addition, the 158 µm line  
of C+ from objects at redshifts between 
8.0 and 10.65 will appear in the band, 
opening up the possibility of probing the 
earliest epoch of galaxy formation.

Workshop themes

The workshop was attended by repre­
sentatives from the ALMA project, techni­
cal groups developing the ALMA Band 5 
receivers for the EC–FP6 programme  
and by astronomers with a broad range 
of scientific backgrounds. The status, 
timeline and plans for the ALMA projects 
were presented together with the 
expected schedule for the ALMA Devel­
opment Plan, from which the full produc­
tion of ALMA Band 5 cartridges could 
potentially be funded. The science goals 
of the EC–FP6 project were also pre­
sented, highlighting the opportunities and 
limitations of the small complement of 
Band 5 receivers. The science sessions 
explored in detail the scientific poten- 
tial of the ALMA observatory with a full 
complement of Band 5 receivers: this 
would provide a giant leap in sensitivity 
and image fidelity as compared to the  
initial system. The sessions were divided 

into: Solar System, Late-type Stars, Star 
and Planet Formation, Nearby Galaxies 
and the High-redshift Universe. Keynote 
speakers reviewed the science in each 
area and were followed by contributed 
talks and extended discussion sessions. 

It became clear that the study of water 
and its isotopes, including deuterated 
species, in the Solar System is a major 
possibility offered by ALMA with Band 5 
(H2S, SO and SO2 also have transitions 
in the band). Comets provide unique 
information on the physics and chemistry 
of the early Solar System and it will be 
possible to image them in the water lines 
and to constrain their water abundances. 
Seasonal variations of the water con- 
tent of Mars, Venus and the atmospheres 
of the giant planets and their larger 
moons will also be extremely interesting.

Water is also a key molecule in star 
formation: its abundance is low in cold, 
quiescent regions, but increases at 
shocks, therefore acting as a tracer of 
energetic phenomena. It is also a princi­
pal constituent of grain ice mantles and 
the main reservoir of oxygen. Studies  
of H2

16O and H2
18O in star-forming 

regions with Herschel are producing 
extremely interesting results which hint at 
complex spatial and spectral structure 
which can only be resolved using ALMA 
Band 5. As well as water (which is also 
important to an understanding of oxygen 
chemistry) many other molecules have 
transitions in Band 5, particularly relevant 
to deuteration and chemistry at shocks. 
Herschel has found surprisingly little cold 
water vapour in some protoplanetary 
discs, suggesting that the water may be 
mostly locked up on the surfaces of dust 
grains. ALMA’s full sensitivity will there­
fore be needed to deepen our under­
standing of water in star-forming regions.

One of the main reasons to study late-
type stars is their key role in the formation 
of dust. Models suggest that 183 GHz 
maser emission may overlap the SiO and 
H20 22 GHz maser shells, which in turn 
straddle the dust formation zone. 

The second main theme of the workshop 
was the observation of C+ from the first 
galaxies. This line, observed for the first 
time by Alan Moorwood, is the main cool­
ing line of the Milky Way and is expected 
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Appleton Laboratory in the UK) was 
tested successfully shortly thereafter.

The detailed programme of the workshop 
and electronic versions of all the presen­
tations are available on the workshop 
webpage1.
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also to be the brightest line emitted by 
the first galaxies. It has so far been 
detected in quasars out to a redshift of 
6.4 (corresponding to ALMA Band 6).  
The redshift range from 8.0 to 10.65, cor­
responding to Band 5, is a critical one: 
observations of the Gunn–Peterson effect 
show that the epoch of reionisation ends 
at around a redshift of 6. Detection of  
C+ at higher redshifts would allow meas­
urement of gas masses and also con­
strain the star formation rate in the first 
galaxies. ALMA is likely to be the only 
instrument capable of resolving these pri­
mordial galaxies and hence of measur- 
ing dynamical masses as well as other 
kinematical properties (e.g., outflows). 
Although ALMA will not be able to survey 
large areas at Band 5, blind searches are 
expected to discover significant numbers 

of high-redshift galaxies through their  
C+ emission. New results from Herschel 
suggest that the C+/CO ratio is likely 
to be very large, making ALMA Band 5 
extremely competitive with observations 
of low-order CO transitions at cm wave­
lengths (the high-order CO transitions 
which can be observed at other ALMA 
bands are probably not excited).

Finally, the current status of the first 
ALMA Band 5 receiver cartridge, devel­
oped at Chalmers University, was pre­
sented. The design overcame a number 
of technical challenges, for example in 
the cold optics. The mixer noise perform­
ance already met ALMA specifications  
at the time of the meeting, and the com­
bination of the cold cartridge and local 
oscillator (provided by the Rutherford 
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Figure 1. The conference poster show­
ing a view of some of the ALMA anten­
nas at the Array Operations Site on the 
Chajnantor plateau and a glimpse of 
some of the science topics that ALMA 
Band 5 will build on.
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