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Astrowatch
C O M P I L E D  B Y  M A R C TÜ R L E R ,  I SDC A N D O B S E R V AT O R Y  O F  T H E  U N I V E R S I T Y  O F  G E N E V A ,  A N D U N I V E R S I T Y  O F  Z U R I C H

A team of US astronomers has taken 
unprecedented images of the intergalactic 
medium (IGM) – the diffuse gas that connects 
galaxies throughout the universe. These fi rst 
pictures of the IGM were obtained with the 
Cosmic Web Imager (CWI), an instrument 
designed and built at the california institute 
of Technology (Caltech). It opens the way for 
a deeper understanding of how galaxies form 
via accretion of gas from the iGM. 

Since the late 1980s and early 1990s, 
theoreticians have predicted that primordial 
gas from the Big Bang is not spread 
uniformly throughout space, but is instead 
distributed in channels that span galaxies 
and fl ow between them. This “cosmic web” 
is a network of fi laments crisscrossing one 
another over the vastness of space and back 
through time, to an era when galaxies were 
fi rst forming and stars were being produced 
at a rapid rate. The visualization of this 
sponge-like structure of dark matter and 
gas has become familiar with the advent 
of numerical simulations of structure 
formation (CERN Courier September 2007 
p11). However, actual observation of this 
fi lamentary structure is very diffi cult. It is 
only recently that a fi lament of dark matter 
was found between two clusters of galaxies 
(CERN Courier September 2012 p14). 
Detecting much smaller fi laments feeding 
early galaxies is another challenge.

The usual way to probe the IGM is to look 
for Lyman-α absorption in the spectrum 
of a distant quasar. A series of hydrogen 
clouds along the line of sight to the quasar 
will produce distinct absorption lines at 
wavelengths corresponding to the redshift 

– a measure of the cosmic distance – of each 
cloud. However, analysis of this “Lyman-α 
forest” of quasar absorption lines probes the 
gas distribution in only one direction, so it 
is not possible to use this method to infer the 
spatial distribution of the gas clouds.

To overcome this limitation, Christopher 
Martin at caltech conceived and developed 
the CWI. This novel instrument has been 
designed to detect faint Lyman-α emission 
from extended regions with redshifts 
between 1.5 and 4. It is an integral-fi eld 
spectrograph mounted on the 200 inch 
(5.1 m) Hale Telescope at the Palomar 
Observatory. The instrument takes 
pictures at many different wavelengths 

simultaneously, yielding a data cube with 
the image of a small portion of the sky on 
one side and high-resolution spectroscopic 
information along the third axis. The data 
cube can then be sliced to search for spatial 
structures emitting a narrow, redshifted 
Lyman-α line.

The fi rst results from the CWI have 
now been published in two articles. A fi rst 
paper describes the observation of a narrow 
fi lament of gas fl owing towards the quasar 
QSO 1549+19. The ultraviolet emission 
of the quasar photo-ionizes the gas and 
therefore induces the observed Lyman-α 
emission. The fi lament is about one-million 
light-years long and its infall motion is 
suggested by the progressive increase of 
the velocity dispersion of the gas towards 
the quasar. Another target was a Lyman-α 
emission cloud, found to be surrounded 
by three fi laments of gas that are probably 
feeding a protogalactic disc with a size about 
three times that of the Milky Way.

Both objects observed by the CWI date 
to approximately two-thousand-million 
years after the Big Bang, a time of rapid 
star formation in galaxies. They have 
been chosen because of unusually bright 
Lyman-α emission. To observe the average 
intergalactic medium everywhere, Martin’s 
group is now developing the Keck Cosmic 
Web Imager (KCWI) – a more sensitive and 
versatile version of the cWi – for use at the 
Keck Observatory on top of Mauna Kea in 
Hawaii.

 ● Further reading 
D C Martin et al. 2014 ApJ  786 106 and 107.

Picture of the month

This image shows the magnetic fi ngerprint of our Milky Way Galaxy as 
seen by ESA’s Planck satellite. This projection of the full celestial sphere 
was produced from the fi rst Planck all-sky observations of polarized 
light emitted by interstellar dust (Picture of the month CERN Courier 
September 2010 p11). Darker regions correspond to stronger polarized 
emission, and the striations indicate the direction of the magnetic fi eld 
projected on the plane of the sky. The dark band running horizontally 
across the centre corresponds to the Galactic Plane. Later this year, 
Planck scientists will release polarization data covering the entire sky at 
seven different frequencies, to separate this foreground contamination 
from the tenuous primordial polarized signal, in particular the famous 
B-mode pattern discovered by BICEP2 (CERN Courier May 2014 p13). 
(Image credit: ESA and the Planck collaboration.)

New instrument sees intergalactic filaments

Image of the quasar QSO 1549+19 taken with 
Caltech’s Cosmic Web Imager, showing 
surrounding hydrogen gas (in blue) and a 
fi lament infl owing from the bottom-left 
direction. (Image credit: Christopher Martin, 
Robert Hurt.)
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CERN Courier Archive: 1971
A L O O K B A C K  T O  CERN C O U R I E R  V O L .  11,  J U N E  1971,  C O M P I L E D  B Y  P E G G I E  R I M M E R

There was a time, not long ago, when science 
and motherhood were beyond reproach. 
Today, both are under attack.

Much of the basis for the attack on science 
is emotional, even irrational. But not all of 
our troubles can be blamed on unreasoning 
critics; a substantial part of our misery is 
self-infl icted. We have not taken seriously 
that part of our responsibility to society that 
dictates that we explain, interpret and justify 
our activities in language understandable to 
the non-specialist.

To pursue science, one must continually 
press on the frontiers that are usually at 
extremes: very high temperatures and very 
low temperatures; very high pressures 
and very good vacuums; the very large 
(cosmology) and the very small (nuclear and 
sub-nuclear entities).

We could claim that all particle 
accelerators have value for intellectual 
and educational pursuits. However, most 
of us feel that it is particularly the highest 
energy accelerators that contribute to the 
acquisition of new basic knowledge about the 
fundamental properties of the constituents of 
matter and the forces that govern them.

in addition to these intellectual merits, 
we can point to other benefi ts from the 
construction and utilization of accelerators, 
for example, the promotion of international 
collaboration. The research is worldwide and 
perhaps in no other fi eld is there such open, 
friendly and practical collaboration across 
frontiers.

The history of science tells us that up 
to now the practical results alone have 
more than paid for all the scientifi c effort. 
even the highest energy accelerators 
have economic ramifi cations, for they 
are producing spin-offs (for example 
in computer technology, cryogenics, 
vacuum technology, the art of constructing 
large magnetic fi elds, and of fabricating 
materials that have no electrical resistance) 
that will have a decisive infl uence on 
the technologies required to sustain 
comfortable life on this planet.

in the united States there are about 
1000 accelerators of all kinds, representing 
about 50% of the world’s inventory. Less than 
150 are devoted mainly to basic research. of 
the remainder, about one-third are devoted 
to industry and medicine, and the rest to the 
applied sciences.

(From a talk by Louis Rosen, Director of 
the Los Alamos Meson Physics Facility, at 
the 1971 Particle Accelerator conference 
held in Chicago in March.) 

 ● Compiled from texts on pp159–160.

Progress of SIN cyclotron
The beginning of June saw the start of 
assembly of the accelerator at Villigen near 
Zurich, which is being built by the Swiss 
Institute for Nuclear Research SlN. The aim 
is for the accelerator to serve as a “meson 
factory” producing intense proton beams 
with an energy in excess of 500 MeV, well 
over the pion production threshold. intense 
beams are to be obtained using two-stage 
acceleration – an injector cyclotron 
providing more than 100 μA of 72 MeV 
protons, feeding a ring cyclotron that will 
complete acceleration to peak energy.

Tests on a prototype r.f. cavity for the ring 
cyclotron went very well and showed that 
500 kV could be obtained reliably across 
the cavity gap. Four such cavities will be 
installed around the ring, one between every 
second magnet, to provide an energy gain of 
2 MeV per turn.   

Tests on a prototype sector magnet for the 
ring cyclotron were also very satisfactory, 
showing that the stringent fi eld tolerances 
necessary in an isochronous cyclotron could 
be met. By now, three of the eight large 

magnets have arrived at Sin and have been 
assembled and measured, and the fi rst of 
these is being installed.

 ● Compiled from texts on pp164–166.

Applications of accelerators

The prototype r.f. cavity, which achieved 
accelerating fi eld gradients comfortably in 
excess of design fi gures.

The prototype sector magnet, which 
confi rmed that the design would provide the 
high-precision fi elds needed. 

Compiler’s Note 
Louis Rosen did not detail those 1971 attacks on motherhood, but 
let’s trust that they have ceased! However, what is sure is that much of 
science is now explained – and hopefully justifi ed – in language that is, at 
some level, understandable to the general public. For example, souvenir 
tin-trays distributed at the Geneva Escalade Race in December 2012 were 
printed with a comic strip “Echelles & Dragons”, a variation on the ancient 
Indian board game of “Snakes & Ladders”. Squares featured caricatures 
of notables such as Marilyn Monroe, Professor Tournesol, Queen 
Elizabeth II, Rafa Nadal and…a Higgs boson. 

More seriously, in 1988, SIN and the Federal Institute for Reactor 
Research amalgamated to form the Paul Scherrer Institute. PSI is now a 

world-class research centre for solid-state physics, biomedicine, renewable energy and environmental 
sciences. On the applied side, its proton-therapy facility operates a unique compact gantry with a 
PSI-developed spot-scanning technique that enables malignant tumours to be targeted with high 
precision (CERN Courier December 2006 p24). For example, in more than 90% of eye tumours, the eye 
is saved. More than a third of the patients were children and young people below the age of 20.
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