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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 CH IPP,  U N I V E R S I T Y  O F  Z U R I C H

The High Energy Stereoscopic System 
(HESS) has discovered three extremely 
luminous gamma-ray sources in the 
Large Magellanic Cloud (LMC) – a dwarf 
galaxy orbiting the Milky Way about 
170,000 light-years away. The three objects 
are all exceptional. They comprise the 
most powerful supernova remnant and 
pulsar-wind nebula, as well as a superbubble 
– a new class of source in very high-energy 
(VHE) gamma rays. 

The HESS array of telescopes, located 
in Namibia, observes fl ashes of Cherenkov 
light emitted by particle showers triggered 
by incident gamma rays in the upper 
atmosphere (CERN Courier January/
February 2005 p30). This technique is 
sensitive to gamma rays at energies of 
tera-electron-volts – photons typically a 
thousand times more energetic than those 
observed by the Fermi Gamma-ray Space 
Telescope in the giga-electron-volt range 
(CERN Courier November 2008 p13). 
These high-energy photons are emitted by 
extremely energetic particles interacting 
with matter or radiation. They are therefore 
the best tracers of cosmic accelerators such 
as supernova remnants and pulsar wind 
nebulas – two different types of remains 
from the evolution of massive stars.

Resolving individual sources in a 
galaxy outside of the Milky Way is a new 
breakthrough for Cherenkov-telescope 
astronomy. HESS performed a deep 
observation of the largest star-forming region 
within the LMC, known as the Tarantula 

Nebula (Picture of the month, CERN Courier 
June 2012 p12). The 210 hours of observation 
yielded the discovery of the three extremely 
energetic objects.

 One of the new sources is the superbubble 
30 Dor C. It is the fi rst time that a 
superbubble has been detected in the VHE 
regime, and demonstrates that the objects 
are a source of highly energetic particles. 
With a diameter of 270 light-years, 30 Dor C 
is the largest-known X-ray-emitting shell, 
and appears to have been blown by several 
supernovas and strong stellar winds from 

massive stars. The detection by HESS is 
important because it shows that superbubbles 
are viable sources of galactic cosmic rays, 
complementary to individual supernova 
remnants (CERN Courier April 2013 p12).

Another source detected by HESS is 
the pulsar-wind nebula N 157B. This 
kind of nebula is formed by the wind of 
ultra-relativistic particles blown by a pulsar 
– a highly magnetized, rapidly spinning 
neutron star. The most famous is the Crab 
Nebula, one of the brightest sources in the 
gamma-ray sky (CERN Courier November 
2008 p11). N 157B is similar, but outshines 
the Crab Nebula by an order of magnitude in 
VHE gamma rays, owing to a lower magnetic 
fi eld and a stronger radiation fi eld from 
neighbouring star-forming regions.

The third object is the supernova remnant 
N 132D, which is already known as a bright 
object in the radio and infrared wavebands. 
Although it is between 2500 and 6000 years 
old, it still outshines the strongest supernova 
remnants in the Galaxy in the VHE regime. 
Surprisingly, the remnant of the bright 
supernova SN 1987A – which exploded in 
the LMC 28 years ago – was not detected by 
HESS, in contrast to theoretical predictions. 
The current study published in Science shows 
the LMC to be a prime target for even deeper 
observations with the new HESS II 28-m 
telescope and the future Cherenkov Telescope 
Array (CERN Courier July/August 2012 p28).

 ● Further reading 
HESS Collaboration 2015 Science 347 406.

Picture of the month

To celebrate its 25th anniversary, the Hubble Space 
Telescope released two new images of the “Pillars of 
Creation”. These backlit formations of gas and dust 
in the centre of the Eagle Nebula (Messier 16) were 
fi rst explored by Hubble in 1995 (Picture of the month, 
CERN Courier March 2007 p11). The original image 
soon became one of its most famous views of the sky. 
This view is now extended and sharpened in visible 
light (left) and complemented in the infrared (right), 
thanks to the installation of the Wide Field Camera 3 
by astronauts in 2009. In infrared, the iconic pillars 
are transformed into wispy silhouettes set against 
a background peppered with stars, making visible 
new-born stars forming within them. (Image credit: 
NASA, ESA/Hubble and the Hubble Heritage Team.)

HESS sees a powerful trio in a nearby galaxy

The HESS sky map with labelled sources of 
VHE gamma rays superimposed on a 
composite optical and Hα image of the LMC. 
(Image credit: H.E.S.S. Collaboration/Hα: 
R Kennicutt, J E Gaustad et al. (2001)/optical 
(B-band): G Bothun.)
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CERN Courier Archive: 1972
A L O O K B A C K  T O  CERN C O U R I E R  V O L .  12,  M A R C H 1972,  C O M P I L E D  B Y  P E G G I E  R I M M E R

Since 1950, particle physics happened to 
be the most richly endowed domain of 
basic research. Secure in their ability to 
pay, high-energy physicists were not slow 
to recognize those features of their science 
which put them in the forefront among 
potential users of computing hardware 
and software.

Details of “how” and “what for” show 
the way for similar developments in 
other branches of science. In this respect, 
as in many others, CERN’s pioneering 
infl uence may transcend the organization’s 
basic function as a centre of research in 
high-energy physics. 

 ● From “Why?” by L Kowarski, pp60–61.

The central computing service operates 
24 hours per day, seven days per week. It 
is predominately batch oriented, the main 
languages being FORTRAN and assembly 
language. A large program and subroutine 
library is available on disk, and a tape library 
of some 35,000 reels is maintained close to 
the central computers.

Batch input/output using card readers and 
line printers is via three remote self-operated 
input/output stations (RIOS) as well as at the 
central computers. In addition, there is a car 
delivery service to a number of remote parts 
of CERN. 

 ● From “Central computing” by D Ball, p63.

Computers are used in three types of system 
for measuring particle interactions in bubble 
chambers photographed on fi lm. All require 
operator intervention and (the fi rst) two 
record the digitised tracks on magnetic tape 
for off-line analysis.

The HPD (Hough Powell Device, named 
for its originators) is a raster-scan system with 
an optical-mechanical spot scanning the fi lm.

The LSD (Lecteur à Spirale Digitisée, 
the Spiral Reader developed at Berkeley) 
performs a spiral scan around the 
vertex of the measured event with an 
optical-mechanical slit. Because the LSD 
measures the three [stereo] views at the same 
time, the output of the off-line analysis can 
be obtained within a few days.

A hand-operated system called RAMSES 
(ReActive Measurement Scanning and 
Evaluation System) is used exclusively for 
measuring and analyzing very complicated 
events from the Gargamelle 4.5 m heavy 
liquid bubble chamber. 

 ● From “Data acquisition from fi lm” 
by W Blair and J C Gouache, pp72–73.

Over the past 10 years, a chain of three 
analysis programs, THRESH, GRIND and 
SLICE, has been used for off-line analysis. 
Each one is a self contained FORTRAN 
program with data communication between 
the programs via magnetic tape. In 1970 a 
decision was taken to make a clean break in 
preparation for measuring photographs from 
the 3.7 m bubble chamber BEBC, scheduled 
to become operational at CERN in 1972. 

The new program system, HYDRA, has a 
maximum of simplicity and a minimum of 
concepts. Its services, requested with CALL 
statements, are, in a sense, an extension 
of FORTRAN. HYDRA should help to 
tear down the walls that have sometimes 
threatened to separate physicists from 
computer specialists, or bubble-chamber 
groups from each other and from physicists 
using other techniques.

 ● From “Bubble-chamber data analysis” 
by R K Böck and J Zoll, pp70–71.

Theoretical physicists mostly use computers 
for numerical valuation, with programs 

requiring only a library of special functions, 
a card reader for input and a line printer for 
output. About 80% of them would, in fact, be 
better off interacting with an “advanced desk 
calculator” [e.g. GAMMA].

A more exotic use of the computer is in 
the fi eld of algebraic manipulations, for 
instance, the evaluation of Feynman graphs 
in quantum electrodynamics and related 
fi elds. At CERN, a large-scale algebraic 
manipulation program (SCHOONSCHIP) 
was written by a single person, M Veltman 
from Utrecht [physics Nobel laureate 1999], 
in the middle of the 1960s. 

 ● From “Theoretical studies” by B Lautrup, 
p81.

Computing at CERN

CERN’s new central computer, a CDC 7600, 
being wheeled across the tarmac at Geneva 
airport in mid-February. (Image credit: 
CERN 165.2.72.)

A view of a 
Lecteur à 
Spirale 
Digitisée 
LSD 
measuring 
machine 
(Spiral 
Reader). 
(Image 
credit: CERN 
721.1.69.)

A physicist 
using 
GAMMA, a 
fully 
interactive, 
general 
purpose, 
Graphically 
Aided 
Mathematical 
Machine, 

allowing the user to manipulate his own 
algorithms in dialogue with the computer. 
Some of the basic functions available are 
sine, cosine, exponent, log, etc. (Image 
credit: CERN 141.12.68.)

s P E C i a L  i s s u E 

Compiler’s Note 
The March 1972 
CERN Courier 
was dedicated to 
computing, and 
these extracts 
have been selected 
from an impressive 
set of articles by 
21 CERN gurus. 
They have been 
chosen to capture 

the prevailing espirit de corps, and to show 
junior members of our community from just 
how far back we have come! And here is an 
off-line nugget: the CDC 7600, one of the 
last machines to have individual components 
soldered onto circuit boards, had a peak 
performance of some 36 MFLOPS, matched 
by an iPhone 4. It cost $5 million, some 
$30 million in today’s dollars. 
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