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Astrowatch
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The release of the full mission data of 
ESA’s Planck spacecraft is a milestone for 
cosmology. Despite the high quality of the 
data – including, for the fi rst time, polarization 
observations – and the thorough analysis by 
the Planck collaboration, this event had little 
impact in the community and in public. Rather 
than strengthening the case for new physics, 
it confi rms with high accuracy the standard 
model of cosmology, disfavours the existence 
of a light sterile neutrino, and turns down the 
hope for a dark-matter origin of the positron 
excess in cosmic rays. 

Planck is the third generation of missions 
dedicated to the observation of the cosmic 
microwave background (CMB). This “fi rst 
light” – freed 380,000 years after the 
Big Bang – provides key information on 
the universe as a whole, its fundamental 
constituents and its past and future 
evolution. Planck builds on the detection of 
the fi rst large-scale CMB anisotropies by 
the Cosmic Background Explorer (COBE) 
in the early 1990s, and the much sharper 
view provided by NASA’s Wilkinson 
Microwave Anisotropy Probe (WMAP) 
in the following decade (CERN Courier 
May 2006 p12). Planck’s strength is that, 
by extending the wavelength coverage 
to higher frequencies than measured by 
WMAP, it is better able to disentangle 
foreground emission from the Milky Way 
and other galaxies.

The Planck collaboration – including 
individuals from more than 100 scientifi c 
institutes in Europe, the US and Canada 
– released the fi rst data of the mission in 
March 2013, together with 31 scientifi c 

papers (CERN Courier May 2013 p12). 
Already then, the results confi rmed with 
higher accuracy the relative abundance of 
the cosmic ingredients, namely ordinary 
(baryonic) matter, cold dark matter (CDM) 
and a cosmological constant (Λ), as derived 
by WMAP (CERN Courier May 2008 p8). 
The new Planck results confi rm that these 
components sum up to the critical density 
corresponding to a fl at universe with no 
global curvature, and yield only small 
changes to the relative abundances in this 
standard ΛCDM cosmology.

The press release from ESA emphasizes 
the result that the re-ionization of the 
universe by the fi rst stars took place some 
550 million years after the Big Bang, 
which is some 100 million years later than 
previously assumed for this end of the 

“Dark Ages”. There are, however, other 
interesting results on more fundamental 
physics. Planck further limits the sum of the 
active neutrino masses to be below 0.194 eV, 
and constrains the effective number of light, 
relativistic neutrinos, Neff, to be 3.04±0.33 
(both at 95% CL with external constraints). 
This strongly disfavours the existence 
of an additional fourth quasi-massless 
neutrino, which could have been a sterile 
(“right-handed”) one, but it does not exclude 
the possibility of heavier (> 1–10 eV) sterile 
neutrinos.

Another interesting result coming from 
CMB polarization measurements is a 
constraint on dark-matter annihilation, 
which could have contributed to the 
re-ionization of the universe at the beginning 
of the “Dark Ages”. The derived upper limit 
almost entirely excludes the dark-matter 
interpretation – a neutralino with a mass 
of the order of 1 TeV – of the positron 
excess measured by the Alpha Magnetic 
Spectrometer (CERN Courier November 
2014 p6). Finally, the combined analysis 
of Planck data with the measurements by 
BICEP2 and the Keck array on the curly 
B-modes of the CMB polarization confi rms 
that at least most, if not all, of the signal is 
from galactic dust in the Galaxy (CERN 
Courier November 2014 p15), therefore 
disproving the claim for primordial 
gravitational waves from infl ation (CERN 
Courier May 2014 p13).

 ● Further reading 
Planck 2015 results, submitted to A&A:
www.cosmos.esa.int/web/planck/publications.

Picture of the month

The Hubble Space Telescope caught, for the fi rst time, multiple images of a single 
supernova. The stellar explosion took place in the distant universe, and was split into 
four images (yellow dots) by the strong gravitational-lensing effect of an intervening 
galaxy belonging to the cluster MACS J1149+2223 located along the line of sight about 
fi ve-thousand million light-years away. The gravity of ordinary and dark matter in this 
galaxy distorts space–time, opening four different routes for light from the remote 
supernova to Earth – a confi guration called an Einstein cross. Owing to the different 
lengths of these routes, the image reveals the supernova fading at different epochs after 
ignition of the explosion. In the years to come, a fi fth route could even show the explosion 
in “replay” from the start. (Image credit: NASA, ESA, S Rodney (John Hopkins University) 
and the FrontierSN team; T Treu (University of California Los Angeles), P Kelly (University 
of California Berkeley) and the GLASS team; J Lotz (STScI) and the Frontier Fields team; 
M Postman (STScI) and the CLASH team; and Z Levay (STScI).)

Planck reveals no evidence of new physics

All-sky map of polarized dust emission in the 
Milky Way (colour coded) with a texture 
rendering of the magnetic-fi eld lines of the 
Galaxy. The area observed by BICEP2 is in 
the lower, blue part of the image, but is still 
affected by signifi cant dust emission blending 
with the possible signal from primordial 
gravitational waves. (Image credit: ESA and 
the Planck Collaboration.)
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In 1969, when the question of processing of 
fi lm from the 3.7 m [Big] European hydrogen 
Bubble Chamber BEBC was tackled, it 
became clear that to use existing scanning 
devices, regions containing interesting 
events would have to be roughly identifi ed 
in advance. The result is BESSY, the BEBC 
European Scanning SYstem, a scanning and 
preliminary measuring table not involving 
high precision.

BESSY has a mirror fi xed to the machine, 
a projection table 1.3 × 1.6 m2 and four 
projection lenses on a single plate giving 
a total magnifi cation of 17×. Preliminary 

measuring can be carried out in the 
image plane with a precision of ±170 μm 
(equivalent to ±10 μm in the fi lm plane). 

The tricks which helped bring the price 
down to 41,500 SF, less than half the price 
of a table produced using conventional 
methods throughout, concern the fi lm 
driving motors, lenses, fi lm pressure 
plates, mirrors, projector and condenser. 
The driving motors are very sturdy car 
windscreen wiper motors; there are twelve 
of them at a price of about 50 SF each. 

Special lenses were made by Jos. Schneider, 
Germany, at a price of 1000 SF per unit, 
to correct distortions caused by the fi lm 
pressure plates. The mirror has only been 
polished once; the quality is adequate 
and the price is less than a fi fth that of a 
high precision mirror. The lamps with 
incorporated mirror are commercially 
available units from movie projectors. The 
condenser is made from a plastic Fresnel 
lens costing a few tens of Swiss francs.

 ● Compiled from texts on pp127–128.
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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,  A P R I L  1972,  C O M P I L E D  B Y  P E G G I E  R I M M E R

The National Accelerator Laboratory came 
into being in the summer of 1967 with the 
mandate to build and operate a 200 GeV 
proton synchrotron. The move to the site, 
around the former village of Weston, Illinois, 
was completed in September 1968. On 1 
December 1968 ground was broken and 
construction was under way, aiming to have 
the accelerator built within a budget of $250 
million and operational by 1 July 1972. 

On the morning of 1 March 1972 there 
was a pep talk from Laboratory Director 
Bob Wilson and from Ernie Malamud 
reviewing commissioning progress. In the 
Main Control Room, Frank Cole was leading 
the new attack on design energy with Jim 
Griffi n at the other end of the intercom in 
the RF building. Don and Helen Edwards 
had worked during the night to tidy up the 
tracking between bending and quadrupole 
magnets, a possible source of beam 

instabilities at energies over about 30 GeV.  
At 11.00 a stable beam was achieved after 

injection of about 1011 protons per pulse 
at 7.2 GeV from the Booster. By 11.30 the 
beam was through transition and a steady 
climb to higher energies began. To simplify 
the removal of magnets which failed, the 
magnet water-cooling circuits were not 
operating and pulse rates had to be kept low 
to avoid overheating. The cycle sequence 
was forty pulses at 30 GeV, each taking 1 s, 
followed by a single pulse to 200 GeV fi eld 
levels taking 5 s. 

At 12.30 the scope trace indicating 
accelerated beam crept out to 167 GeV. 
Excitement was growing and the Main 
Control Room became a crowd scene with 
a huddle of heads round Ed Gray operating 
the main control console. At 13.08 the 
shout went up “There it is”; the trace went 
all the way out to 200 GeV. Design energy 

had been achieved several months ahead of 
the initial schedule and within the forecast 
construction budget. 

 ● Compiled from texts on pp120–123.

First pulses at 200 GeV

1 March 1972. “There it is”. Happy faces 
cluster around the screen in the NAL Main 
Control Room. At the scope are (l. to r.) 
Frank Cole, Jeff Gannon and John Clarke 
with, immediately behind them, Dick Cassel, 
Ryuji Yamada, Bruce Strauss and Paul 
Evan. (Image credit: NAL.)

Compiler’s Note 
Mechanical and electro-mechanical devices have long brought out 
the whimsical and wonderful in inventors, as evidenced in some of 
the machines for scanning and measuring bubble-chamber fi lm. Even 
Nobel laureate Ernest Rutherford sanctioned this approach to building 
apparatus in his apocryphal declaration “If you can’t do it with string and 
sealing wax on a lab bench, it probably isn’t worth doing at all”.

During the Second World War, semi-automatic analysis machines, 
invented to help decrypt secret messages of the Axis Powers, were 
operated by “girls”, namely “Wrens” from the Women’s Royal Naval Service 
(WRNS) at the UK Government Code and Cypher School in Bletchley Park. 
The Wrens found the devices so comical that they christened them “Heath 

Robinsons” in honour of the renowned British cartoonist whose speciality was drawing ridiculously 
complicated gadgets to solve simple problems. Heath Robinsons were the predecessors of Colossus, the 
world’s fi rst programmable digital electronic computer, and the Wren operators might well be regarded as 
the predecessors of particle physics’ scanning girls (was there ever a scanning boy?).

n a L

BESSY
B u B B L E  C h a M B E r S

A prototype of BESSY, the scanning table 
designed specifi cally for use on fi lm from 
BEBC, delivered to CERN in December 
1971. (Image credit: CERN-EX-7204071.)
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