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A century after the discovery of cosmic rays, 
NASA’s Fermi Gamma-ray Space Telescope 
has gathered strong evidence that protons 
are, indeed, accelerated to high-energies by 
supernova remnants (SNRs). The “smoking 
gun” is the production of neutral pions in 
proton–proton collisions and their subsequent 
decay, revealed by the shape of the gamma-ray 
spectrum measured in two SNRs.

Cosmic rays are high-energy charged 
particles (mostly protons) interacting in 
the Earth’s atmosphere. Except for the 
low-energy component in the solar wind, 
they hit the Earth from all directions because 
the interstellar magnetic field deflects them 
randomly. This means that cosmic rays cannot 
be traced to their sources – so their origin 
has remained a mystery since their discovery 
by Victor Hess in 1912 (CERN Courier July/
August 2012 p14).

Based on the pioneering work of Enrico 
Fermi in 1949, researchers have suspected 
that SNRs are capable of accelerating 
particles to cosmic-ray energies according 
to the following scenario. A massive star 
exploding as a supernova will produce an 
expanding shock wave in the interstellar 
medium. A particle crossing the shock front 
gains an increase in speed of about 1%. This 
is not much but it can become important for 
multiple crossings that can be induced when 
a turbulent magnetic field deflects a charged 
particle in a random walk process. A particle 
that crosses the shock discontinuity many 
times can gain enough energy to break free 
and escape into the Galaxy – becoming a 
cosmic ray.

The detection of high-energy gamma 
rays emitted by SNRs provided the 
first observational evidence for such a 
mechanism (CERN Courier January/
February 2005 p30). This was corroborated 
by the detection with Cherenkov telescope 
arrays of the nearby starburst galaxies M82 
and NGC 253 (CERN Courier December 
2009 p11). However, it was still possible that 
the gamma-ray radiation could be induced 
by bremsstrahlung or inverse-Compton 
radiation from electrons, rather than by 
cosmic-ray protons. 

An opportunity to disentangle the 
two processes by studying lower-energy 
gamma-rays at energies of MeV to GeV 
came with the launch of the Fermi satellite in 
2008 (CERN Courier November 2008 p13). 

To prove that SNRs produce cosmic rays, 
the Fermi collaboration has focused on two 
particular objects, known as IC 443 and W44. 
Not too distant in the Galaxy, these have 
the advantage that they are expanding into 
cold, dense clouds of interstellar gas. These 
clouds emit gamma rays when struck by 
high-speed particles escaping the remnants. 
If these particles are protons, then they can 
produce neutral pions when colliding with 
ambient nuclei in the gas clouds. The pions 
then instantly decay into pairs of gamma rays 
with an energy of half of the pion rest mass, 
135 MeV, in the rest frame of the particle. 
While the photon number spectrum is thus 
centred at 67.5 MeV, the usual representation 
of the gamma-ray spectrum – the photon 
number spectrum multiplied by the square 
of the photon energy – rises steeply below 
around 200 MeV.

Thanks to improved calibrations at low 
energies, the Fermi spectra of IC 443 and W44 
can now show the presence of the low-energy 
spectral cut-off expected from pion decay. 
The study published in Science by the Fermi 
collaboration shows that the gamma-ray 
spectra of both sources are better reproduced 
by pion decay rather than by bremsstrahlung 
radiation from electrons. This observational 
proof of proton acceleration in SNRs was one 
of the key objectives of the Fermi mission 
and confirms the basic principle of particle 
acceleration suggested by Enrico Fermi some 
60 years ago.

 ● Further reading 
M Ackermann et al. 2013 Science 339 807.

Picture of the month

This colourful view of Mercury was produced by assembling thousands of 
images of its surface taken by NASA’s MErcury Surface, Space ENvironment, 
GEochemistry, and Ranging (MESSENGER) spacecraft, which has been in 
orbit round the planet for two years (CERN Courier April 2012 p15). Before 
MESSENGER, more than half of the planet was a complete mystery. This 
image (and the one of the opposite side) completes the 100% coverage of 
the planet. The colours are not what Mercury would look like to the human 
eye but enhance the chemical, mineralogical and physical differences 
between the rocks that make up its surface. The giant Caloris basin is 
the large circular, tan-coloured feature to the upper right. Created by the 
impact of a comet or asteroid during the Solar System’s early years, it was 
subsequently fl ooded with lava from volcanic activity. Younger impact craters 
are surrounded by rays of ejected material appearing light blue or white. 
(Image credit: NASA /JHU Applied Physics Lab/Carnegie Inst. Washington.)

Supernova remnants accelerate cosmic rays

This image combines data from ESA’s 
Herschel Space Observatory with Fermi’s 
gamma-ray observations (magenta) of 
supernova remnant W44. (Image credit: 
NASA/DOE/Fermi LAT collaboration and 
ESA/Herschel.)
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CERN Courier Archive: 1970
A L O O K B A C K  T O  CERN C O U R I E R  V O L .  8 ,  A P R I L  1970,  C O M P I L E D  B Y  P E G G I E  R I M M E R

Mirabelle, the large hydrogen bubble 
chamber built by the Elementary Particle 
Physics Department of the CEA, the French 
Atomic Energy Commission, is being 
dismantled for removal to Serpukhov’s 
76 GeV accelerator, where experiments 
with the chamber are due to start from the 
middle of 1971.

In 1966, a Franco–Soviet agreement 
was signed specifying that a large bubble 
chamber would be built at Saclay and 
installed at Serpukhov for collaborative 
experiments. It gave French physicists the 
possibility of working with the highest 
energy accelerator in the world while 
allowing Soviet scientists to profit from 
Saclay’s considerable experience in the field 
of bubble chamber construction, shown in 
the table.

The agreement laid down that the chamber, 
which costs 37 million French francs, would 
be operated at Serpukhov for at least five 
years by French staff, while, in return, teams 
of French physicists would take part in the 
experiments in mixed teams. 

Mirabelle weighs 2000 tonnes, and the 
total weight, including all the auxiliary 
equipment, is 3600 tonnes. Dismantling, 
transporting and reassembling such a 
huge assembly is a labour of Herculean 
proportions and will take a year to complete. 
The equipment will be taken from Paris to 
Le Havre by road, from there to Leningrad 
by boat, and then by train to the experimental 
hall at Serpukhov. 

Once Mirabelle is operating, a small 
colony of fifty families from Saclay will 
be housed in the village of Protvino, near 
Serpukhov. Together with the families of 
scientists taking part in joint experiments, 
there will be a total of almost 250 French 
people. Saclay has given particular attention 
to this problem of “transplantation”.

The families will be distributed in blocks 
of flats in which local people also live. An 
infants’ school has been set up, integrated 
into a local Russian school, with its operating 
costs shared between the French Ministry 
of Education and the CEA. Two French 
teachers are to be employed initially. To 
make it easier for the children to become 
adapted to their new surroundings, they will 
receive lessons in Russian from a Russian 
teacher.

 ● Compiled from texts on pp118–119.

European Molecular 
Biology Conference
A very successful session of the European 
Molecular Biology Conference was held 
at CERN on 6–8 April. For the first time 
the Conference was meeting “formally”, as 
sufficient European governments had ratified 
the agreement setting up the Conference for 
it to move from provisional to formal status. 

Before the creation of the Conference, the 
European Molecular Biology Organization 
(EMBO) and individual scientists had been 
urging that a European Laboratory for 
Molecular Biology should be established to 
bring together the many disciplines involved 
in the pursuit of molecular biology. Similar 
to the way in which CERN operates, the 

Laboratory is seen as a research centre 
with limited “permanent” scientific staff, 
to which visiting scientists would come to 
carry out experiments in a multi-disciplinary 
environment with first-class equipment and 
then return to their home countries. 

A new detailed proposal concerning the 
establishment of such a Laboratory was 
presented to the Conference and was warmly 
welcomed. It has not yet been examined 
by the governments but there is a strong 
conviction in the scientific community that 
such a Laboratory is of vital importance for 
the future of molecular biology in Europe. 
The Conference set up a Working Group to 
pursue the study of the proposed Laboratory 
and to make recommendations at its session 
on 26–27 November 1970.

 ● Compiled from texts on p117.

Mirabelle is ready to move

Compiler’s Note 
The EMBO was founded in 1964, with 140 nominated scientists, to set 
the highest standards for European research and training in the life 
sciences. Today the 1500 or so members, elected annually on scientifi c 
merit, include 57 Nobel laureates.

In 1969, EMBO formed its conference as the organization’s 
intergovernmental funding body and fulfilled its second founding 
mandate in 1974 when the European Molecular Biology Laboratory 
(EMBL) was established in Heidelberg, Germany. At present, the 
laboratory is supported by 20 European countries, plus Australia as an 
associate member. It now operates from fi ve sites: the main laboratory in 
Heidelberg and outstations for bioinformatics in Hinxton (UK), structural 

biology in Grenoble (France) and Hamburg (Germany), and mouse biology in Monterotondo (Italy).
While the Saclay/Serpukhov collaboration was getting underway, a second CERN/Serpukhov 

experiment was being prepared at the 76 GeV proton synchrotron. The Antonov 22 cargo plane (see 
cover thumbnail) that transported some of the equipment to Moscow attracted a great deal of attention 
at Geneva airport in early April.

s a C L a Y

C O N F E r E N C E

First op. Useful volume Operated at

1957 1 litre (a model known as ME3 in which tracks were fi rst photographed) Saclay

1959 3 litre (20 cm long) Saclay

1959 25 litre (35 cm long) Saclay

1960 70 litre (50 cm long) Saclay

1961 70 litre (81 cm long) CERN

1962 300 cm3 (Model ME5, installed as a target inside a heavy liquid chamb.) Saclay

1964 130 litre (81 cm long) DESY

1964 180 litre (81 cm long) Rutherford

1966 7000 litre (The Mirabelle prototype known as ME6) Saclay

1969 7000 litre (Mirabelle) Saclay/Serpukhov
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