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The European Southern Observatory (ESO) 
is a joint enterprise of European astronomers 
to establish facilities beyond the reach of 
individual research centres. The aim is to 
study the sky in the southern hemisphere, 
which has not yet been subjected to such 
close scrutiny as the northern sky.

An observatory has been in action 
since 1967 on La Silla mountain, 600 km 
north of Santiago in Chile, with viewing 
conditions among the best in the world. 
The astronomers have been using a battery 
of small telescopes, and await the arrival 

of a large optical telescope with a mirror 
diameter of 3.6 m. This project is on a scale 
considerably larger than the small ESO 
organization is used to, and in 1970 ESO 
entered into an agreement with CERN to 
design and construct the telescope.

The major task of the past two years has 
been to complete the detailed design of 
the telescope and its building. The present 
schedule calls for assembly of the telescope 
in Europe early in 1975 and, if all goes well, 
it should move to La Silla at the end of that 
year and come into use in 1976.  ● Compiled from texts on pp159–160.

Progress of telescope project

Compiler’s Note 
Margaret Burbidge was the fi rst female director of the Royal Greenwich 
Observatory. Next year, CERN will have its fi rst female director-general, 
Fabiola Gianotti.
      We now know that those missing solar neutrinos had made a 
fl avour-changing journey to Earth, but particle astrophysicists still face 
many mysteries.

The latest and largest telescope installed in the high and dry Chilean 
desert is the Atacama Large Millimeter/submillimeter Array, inaugurated 
in March 2013. ALMA, built by ESO in collaboration with US and Japanese 
partners, consists of 66 high-precision antennas, spread across distances of 
up to 16 km, at an altitude of 5000 m (CERN Courier October 2007 p23). It is 

already providing stunning images of unprecedented resolution (CERN Courier January/February 2015 p15). 
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The ESO observatory in the Atacama desert, 
Chile. Near the top right-hand corner is the 
fl attened summit where the 3.6 m telescope 
will be erected.

Telescope conference
From 2 to 5 May, about 180 scientists, 
predominantly astronomers, came to CERN 
for the ESO/CERN Conference on Auxiliary 
Instrumentation for Large Telescopes.

Many of the telescope projects in the 3 to 
4 m range have matured to the point where 
attention needs to turn to instrumentation, to 
foresee the likely requirements of research 
programmes in a few years’ time and the 
technical developments needed to meet them. 

Most of the conference concentrated on 
spectrographic methods, but to make good 
observations on many astronomical features 

currently of interest, detectors with much 
higher effi ciencies than photographic plates 
will be needed. Already, devices are under 
development in Europe and the US, such as 

image tubes (with the phosphor scanned in 
less than the decay time of the effect of the 
incoming light, and integration over long 
times) and tiny diode arrays (with light input 
converted directly to electronic information). 
It seems inevitable, although in many ways 
sad, that astronomers will soon be observing 
the universe via computer output.

 ● Compiled from texts on p165.

Professor Margaret Burbidge, director of 
the Royal Greenwich Observatory, giving 
the introductory lecture at the conference on 
auxiliary instrumentation for large 
telescopes. (Image credit: CERN 149.5.72.)

Mystery of the missing neutrinos
Started in 1968, the Brookhaven 
solar-neutrino experiment involves an 
imaginative alliance of physics and chemistry 
to catch neutrinos coming from the Sun. A 
measure of the neutrino rate indicates whether 
our ideas about fusion interactions going on 
in the heart of the Sun are correct. The latest 
results, reported at the Washington meeting 
of the American Physical Society on 26 April, 
suggest that so far our ideas are wrong.

The neutrino detector is a huge 
tank of perchloroethylene (a common 
dry-cleaning solvent, 80% chlorine) about 
1.5 km down the Homestake Gold Mine 
in South Dakota, where only neutrinos 
can be expected to penetrate. Neutrinos 
interacting with chlorine produce argon-37, 
Cl37 + ν → A37 + e, which is radioactive 
with a half-life of 35 days. After collecting 
neutrinos for about 100 days, the liquid is 
purged with helium gas to pick up the argon 

atoms whose decays are counted with a 
small proportional counter. 

The detection sensitivity has been 
improved since the early days, but the 
measured neutrino fl ux is still a factor of 10 
below theoretical expectations. If our ideas 

on the source of solar neutrinos are correct, 
two neutrinos per day should be captured 
– the measured rate is less than 0.2. No 
convincing explanation for this observation 
has yet been put forward.

 ● Compiled from texts on pp173–174.
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Light sources

An era came to an end on 30 September 2014, when 
the National Synchrotron Light Source (NSLS) 
ended its last run and dumped its last beam after 
more than 30 years of operation at Brookhaven 
National Laboratory. NSLS was the first of the 
modern synchrotron light sources, and had an enor-

mous impact on synchrotron-light-based science during the past 
decades. It contributed a wealth of pioneering scientifi c results, 
including work that resulted in two Nobel prizes. The following 
day, 1 October, a new era began for Brookhaven, with the start-
up of the new facility, NSLS-II, which is designed to provide the 
brightest beams ever produced by a synchrotron light source.  

The mission for a follow-up to NSLS was to provide a factor of 
10 more fl ux and up to four orders of magnitude more brightness 
relative to the earlier machine (where brightness is defi ned as the 

number of photons per second divided by the beam cross-section 
and the divergence at the emission points, integrated over a narrow 
bandwidth of 1%). It was to be capable of achieving energy resolu-
tion of a fraction of a milli-electron-volt and spatial resolution on 
the nanometre scale. This ambition was acknowledged in 2005, 
when NSLS-II received CD-0, the fi rst of fi ve “critical decisions” 
for the construction of any new science facility funded by the US 
Department of Energy (DOE). The new light source was to enable 
novel science opportunities in all fi elds of synchrotron-radiation-
based science, and would allow experiments that were not possible 
at any of the other facilities at that time. The project went swiftly 
through the design and R&D phase with critical decisions CD-1 
and CD-2, and in June 2009 CD-3 was approved, allowing con-
struction of the facility to begin. 

The NSLS-II electron storage ring consists of 30 double-bend 
achromates (DBA) separated by 15 long (9.3 m) and 15 short 
(6.6 m) straight sections for insertion devices, which are the source 
of ultra-bright synchrotron radiation. The ring is designed for 
a beam energy of 3 GeV. To achieve the desired high brightness 
based on a horizontal beam emittance of εx = 0.8 π nrad m, it has 
a large circumference of 792 m. The bending magnets are fairly 
long (2.69 m) and weak (0.4 T). These design choices have two 

Brookhaven ushers in a 
new bright era 
The National Synchrotron Light Source II will 
offer up to 10,000 times the brightness of its 
predecessor and host more than 60 beamlines.

Aerial view of the NSLS-II synchrotron radiation facility. (All image credits: Brookhaven National Laboratory.)
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