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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 ,  M A R C H 1970,  C O M P I L E D  B Y  P E G G I E  R I M M E R

On 5 December 1969 the University of 
Chicago-Berkeley neutrino neutral current 
experiment concluded its run at the 6 GeV 
Bevatron. The experimenters looked for 
the reaction K+→ π+ + ν + ν– which, had it 
been observed, would have been evidence 
of the existence of such currents. During the 
course of the experiment a total of 1.5 × 109 
positive kaons decayed within the detecting 
apparatus but no example of the neutral 
current reaction was observed. 

Preliminary analysis of the data indicates 
that the branching ratio for K+ decay in 
this manner is less than 1.2 × 10–6. The 
experiment is important because the absence 
of this decay mode (and of the related mode 
K+ → π+ + e+ + e–) is an unsolved puzzle 
in weak interaction theory. One possible 
interpretation of this observation is that 

electrons and neutrinos carry a quantum 
number which forbids the creation of 
isolated electron or neutrino pairs by weak 
interactions.

An unusual feature of the experiment 
is that the apparatus was put together 
almost entirely from “odds and ends”. One 
crucial part consisted of two 15-year-old 
oscilloscopes, used to display the 
π+ → μ+ → e+ decay sequence. No computers, 
either online or off-line, were used in the 
reduction of the data. 

 ● Compiled from texts on p87.

Important experiment on the cheap
Left to right: R Hildebrand, R Stiening and 
J Klems, the physicists who have carried out 
the neutrino neutral-current experiment at 
Berkeley. The entire detection apparatus, 
which is unusually simple and compact for a 
high-energy physics experiment, is shown 
behind them. (Image credit: LRL.) 

Compiler’s Note 
The K+ is an up quark plus antistrange quark; the π+ is an up quark 
plus an antidown quark. Thus the decay K+→ π+ + ν + ν– violates 
fl avour conservation and is forbidden in any fi rst-order Standard Model 
process. However, it can proceed via a fl avour-changing, second-order 
weak interaction, involving two force carrier bosons and other quarks. 
This ultrarare decay, sensitive to effects predicted in extensions to 
the Standard Model, is one of the most challenging interactions in 
particle physics.

 In 1995, a quarter of a century after the null result reported here, 
experiment E787 at the Brookhaven National Laboratory made the fi rst 
sighting of the decay. A second event appeared in 1998 and by 2008 a 

total of seven events had been observed by E787 and its successor E949 – statistics that could only 
provide limitations on possible physics beyond the Standard Model.

Now, experiment NA62 at CERN is preparing to measure the branching ratio of this decay with a 
precision of 10%, similar to that of current Standard Model predictions. Data-taking is planned to start 
in the North Area at the SPS in 2014, with the aim of collecting some 100 events within two years. 

Physicists are nothing if not patient.

B E r k E L E Y

C E r N  N E W s

Computer takes over
On 29 January, a rather unusual test was 
made during one of the machine 
development periods on the CERN proton 
synchrotron.

All of the dipolar corrections guiding the 
beam in the horizontal plane were switched 
off and it was impossible to accelerate the 
beam to full energy. The beam would make 

only thirty revolutions in the machine 
(lasting about 200 μs). The IBM 1800 
machine control computer was then asked 
to bring the beam back on. After successive 
optimization procedures, the computer 
succeeded in accelerating a beam with an 
intensity of 96 × 1010 protons per pulse. The 
intensity before beginning the tests had been 
about 80 × 1010 protons per pulse. 

The test was part of the research 
programme of the controls group concerning 

the use of online computers in accelerator 
control. Though the experiment does not 
foreshadow computer-controlled operation 
in the near future, it does show how the use 
of computers can help in accelerator control. 
This is believed to be the fi rst time that the 
intensity of an accelerator in use for physics 
has been optimized by computer.

 ● Compiled from texts on p84.

Feeding the PS with nitrogen
Following successful tests carried out on 
sector 4 of the PS vacuum chamber, it has 
been decided to use dry nitrogen, before 
atmospheric air, to fi ll the vacuum chambers 
when the vacuum has to be broken for 
maintenance or modifi cation of equipment. 
This trick, which is already in use in other 
laboratories and by certain CERN groups, 
has the advantage of shortening pumping 
time by a factor of more than three when the 
high vacuum has to be re-established.

The reduction in pumping time is 
due to absorption of dry nitrogen by 
the chamber walls, which inhibits the 
subsequent absorption of water vapour when 
atmospheric air is allowed in. This is of 
special importance since the PS oil diffusion 
pumps are at present being replaced by ion 
pumps, which are particularly sensitive to 
moisture. 

 ● Compiled from texts on p86.
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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

Astronomers have detected simultaneous 
X-ray and radio-mode switches in 
co-ordinated observations of a pulsar. Pulsed 
X-ray emission is only present in states of 
weak radio emission. This indicates a rapid 
global change in the magnetosphere, which 
challenges current emission theories.

Pulsars were discovered in 1967 as 
fl ickering sources of radio waves and were 
soon interpreted as being rotating, strongly 
magnetized neutron stars. The radiation 
is thought to be emitted by high-energy 
particles moving along the lines of magnetic 
fi eld. As the emission is concentrated in two 
cones emerging from the magnetic poles, 
the source behaves like a lighthouse. We see 
a pulse each time that the radiation beam 
is pointed towards the Earth. This happens 
at the spin frequency of the neutron star 
because the rotation and magnetic axes are 
generally misaligned. 

Among the thousands of known pulsars, 
only a small fraction has been detected 
in X-rays or gamma-rays (CERN Courier 
September 2006 p13, December 2008 p9). 
The X-ray emission can be steady or pulsed. 
The steady X-ray emission is high for young 
neutron stars and decreases as their surface 
temperature falls. The pulsed emission 
suggests that X-ray-emitting hot-spots are 
located at the magnetic poles.

Astronomers know of only a handful of 
old pulsars that shine in X-rays. One of them 
is PSR B0943+10, which is fi ve million years 
old. This source also switches suddenly 
between a radio-bright and a radio-quiet 
state at intervals of several hours. It is 
therefore a prime target to investigate the 
X-ray behaviour associated with changes 
of the radio mode. This idea was suggested 

by a team led by Wim Hermsen of the 
Netherlands Institute for Space Research 
(SRON) and the Astronomical Institute 
“Anton Pannekoek” of the University of 
Amsterdam. It then took them fi ve years to 
convince the time-allocation committee to 
schedule some long periods of observation 
with ESA’s X-ray Multi-Mirror Mission 
(XMM-Newton) satellite co-ordinated 
with radio telescopes.

The satellite performed six observations 
of six hours each on PSR B0943+10 at the 
end of 2011. Radio-data were gathered 
at the same time by the Indian Giant 
Metrewave Radio Telescope (GMRT) and 
the international Low-Frequency Array 
(LOFAR) in the Netherlands. The result of 

the campaign was completely unexpected. 
The X-ray emission was found not to 
follow the states of radio brightness. On the 
contrary, it was observed to be weak when 
the source is bright in radio emission and 
vice versa. 

The timing and spectral analysis of 
the XMM-Newton data offered yet more 
surprises. The source was found to pulsate 
in X-rays only during the X-ray-bright 
phase corresponding to the quiet-radio 
state. During this phase, the X-ray emission 
appears to be the sum of two components: a 
pulsating component consisting of thermal 
X-rays, which is seen to switch off during 
the X-ray-quiet phase; and a persistent one 
consisting of non-thermal X-rays. 

The results suggest that the entire 
magnetosphere around the pulsar is 
switching from one state to another within 
a few seconds. The rapidity of this change 
is puzzling but it is not the only issue. The 
observed radio and X-ray behaviour is 
predicted by neither of the leading models 
for pulsar emission.

Hermsen and his team plan to repeat 
the same study for another pulsar that has 
similar radio properties but with a different 
geometrical confi guration. This will allow 
them to test whether the viewing angle with 
respect to the magnetic and rotational axes 
has an effect on the properties of the X-ray 
emission. In the meantime, theorists will 
be busy investigating possible physical 
mechanisms that could cause the observed 
sudden and drastic changes to the pulsar’s 
magnetosphere.

 ● Further reading 
W Hermsen et al. 2013 Science  339 436.

Picture of the month

This extraordinary image taken by the Gemini South 8.2-m telescope depicts hot 
bullets of gas tracing their way through the Orion Nebula (CERN Courier March 2011 
p10). The Orion Bullets have been ejected from the Trapezium cluster of bright, 
young stars at the heart of the star-forming region. In this false-colour infrared 
view, the blue bullets are clumps of hot gas (around 5000 K) with a size of about 
10 times Pluto’s orbit. Travelling with a speed of about 400 km/s they leave behind 
the orange cone-shaped wakes of shock-heated gas. The unprecedented image 
resolution (around 0.1 arcsec) illustrates the power of the new GeMS adaptive 
optics system. Five lasers are used to create artifi cial guide-stars to measure and 
correct atmospheric turbulence in real time (CERN Courier November 2012 p15). 
(Image credit: Gemini Observatory/AURA.)

Pulsar exhibits puzzling switches in state

Illustration of a pulsar in a state with glowing 
X-ray emission at the magnetic poles and 
weak radio emission from the cones that stem 
from the poles. Pulsed emission results from 
the misalignment of the magnetic and 
rotational axes. (Image credit: ESA/ATG 
medialab.)

www.

http://cerncourier.com
http://home.web.cern.ch/
http://ioppublishing.org/
mailto:cern.courier%40cern.ch?subject=CERN%20Courier%20March%20digital%20edition
http://cerncourier.com

	Btn Fullscreen 2: 
	Page 7: 



