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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 distribution of ultra-high-energy 
cosmic rays (uHecr) recorded by the 
Telescope Array (TA) in the northern sky 
is displaying an intriguing “hotspot” in the 
direction of the ursa Major constellation. 
The 19 events out of 72 with energies above 
57 eeV (1 eeV = 1018 eV) clustering in a 
circle 40° in diameter represent a statistical 
excess of 5.1σ. The calculated probability 
of chance occurrence out of an isotropic 
distribution is only 3.7 in 10,000, but there 
is no obvious association with known 
sources in this fi eld. 

The origin of cosmic rays has intrigued 
physicists since their discovery in 1912. 
The diffi culty is that, unlike light rays, 
these charged particles are defl ected by the 
Galaxy’s magnetic fi eld and their arrival 
direction is therefore randomized. it is only 
recently, through indirect methods, that the 
Fermi Gamma-ray Space Telescope was 
able to fi nd evidence for cosmic rays being 
accelerated in supernova remnants (CERN 
Courier April 2013 p12).

uHecr – particles with energies above 
1 eeV – are thought to be of different origin. 
Those with the highest energy (e > 60 eeV) 
are the least affected by magnetic fi elds and 
should roughly keep their original direction 
and point towards their emission source. 
They are also interesting because they 
cannot come from distances much further 
than 300-million light-years, because they 
would interact with the cosmic-microwave 
background to produce pions. in 2007 
the collaboration behind the Pierre Auger 
observatory (PAo) announced a correlation 

between the distribution in the southern sky 
of uHecrs and nearby active galactic nuclei 
(CERN Courier December 2007 p5). After 
the initial enthusiasm, however, additional 
data slightly weakened the signifi cance 
of this result, rather than increasing it. 
nevertheless, what is obvious is that the 
galactic plane is not the prime source of the 
uHecr. They must therefore originate from 
somewhere in the large-scale structures of 
the local universe.

A new study of the distribution of uHecr 
is now claiming a strongly anisotropic 
distribution with a large “hotspot” centred 
in the well-known constellation of ursa 
Major. The study uses data obtained in 
the years 2008–2013 by the TA – the 
northern-sky analogue of the PAo. covering 
an area of around 700 km2 in utah, with 

3 m2 scintillation detectors placed every 
1.2 km on a square grid, the TA is currently 
the largest uHecr detector in the northern 
hemisphere. During the six-year study, 
only 72 events with energies above 57 eeV 
were detected. Assuming an uncertainty 
in the direction of 20° – a circle 40° wide is 
associated with each event – the researchers 
found a clustering of events, extending over 
roughly 40°, with a statistical excess of 5.1σ. 
To account for random clustering better, the 
collaboration simulated a million Monte 
carlo data sets of 72 spatially random events 
in the fi eld of view and obtained 365 instances 
of a clustering on different scales higher 
than the observed one. This corresponds 
to a chance probability of only 3.7 × 10–4, 
equivalent to a one-sided signifi cance of 3.4σ.

The collaboration, with physicists mainly 
from the universities of Tokyo and utah, 
notes that there are no specifi c sources at the 
position of the excess. if the hotspot is real, 
it might be associated with the supergalactic 
plane, which contains local galaxy clusters 
such as the ursa Major, coma and Virgo 
clusters. This would imply a defl ection by 
more than around 40° from this plane to the 
observed hotspot, which is too large an angle 
for protons and could indicate cosmic rays 
of rather heavy nuclei, which are defl ected 
more by magnetic fi elds. The TAx4 project, 
an extension of the TA, would provide a 
speed-up of the detection rate to confi rm the 
existence of the excess.

 ● Further reading 
The Telescope Array Collaboration 2014 ApJ 790 L21.

Picture of the month

This image from the NASA/ESA Hubble Space Telescope shows the 
galaxy cluster MCS J0416.1-2403, which is one of six such clusters 
being studied by the Hubble Frontier Fields programme. This programme 
seeks to analyse the distribution of dark matter in these huge clusters 
and to use their gravitational-lensing effect to peer even deeper into the 
distant universe (CERN Courier January/February 2013 p14 and April 
2008 p11). A team of researchers has identifi ed 68 distant galaxies 
from almost 200 different distorted images of lensed galaxies in this 
very deep view by Hubble’s Advanced Camera for Surveys. The study 
of the bending and magnifi cation by the huge cluster allows its mass 
to be measured more precisely than ever. The total mass within MCS 
J0416.1-2403 – modelled to be more than 650,000 light-years across 
– was found to be 160 × 1012 times the mass of the Sun, to a precision of 
1%. (Image credit: ESA/Hubble, NASA, HST Frontier Fields.)

Study hints at cosmic-ray ‘hotspot’

Map of the sky showing an excess of 
UHECR from a region (red and yellow spot) 
in the northern-sky hemisphere, observed 
by the Telescope Array. (Image credit: 
K Kawata/University of Tokyo Institute for 
Cosmic Ray Research.)

MDC are currently building one of the
most complete ranges of high and ultra-
high vacuum components available in
Europe. Electrical feedthroughs include:

Electrical Feedthroughs 
For more information 
please visit our website:
www.mdcvacuum.co.uk 
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� Power

� Breaks and envelopes 

� Connectors

� Thermocouple 

� Wires and insulators 
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SIMATIC WinCC Open Architecture scales to require- 
ments – from single-site systems to networked, redun-
dant high-end systems with more than 10 Mio tags  
and for distributed systems up to 2048 servers.  
The SCADA system is available for Windows, Linux  

www.siemens.com/wincc-open-architecture

SCADA System

and Solaris. SIMATIC WinCC Open Architecture provides  
a platform for OEM/customized developments. Further-
more it enables fast and effective creation of applica-
tions and customized solutions.

SIMATIC WinCC Open Architecture
SCADA system for large applications and projects requiring a high degree of customized adaptability.
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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,  S E P T E M B E R  1971,  C O M P I L E D  B Y  P E G G I E  R I M M E R

it has become a standard part of the patter in 
introducing newcomers to the mysteries of 
particle detectors to say that particles are so 
tiny that they cannot be seen with the human 
eye. However, research carried out at Berkeley 
and elsewhere over the past year seems to 
demonstrate that this is not strictly true.

Light-fl ash phenomena (or “phosphenes”, 
from the Greek “phos”, for light, and 
“phainen”, to show) from sources other 
than normal light have been known for a 
long time. As early as 1755 it was recorded 
that small electric currents can produce 
phosphenes – any enthusiastic reader might 
try leads from a 3 V torch battery to the 
forehead and back of the head, preferably in a 
darkened room. They can also be induced by 
dipping the head in a magnetic fi eld (of about 
0.1 tesla, for example), by exposure to X-rays 
in the dark, or by pressure on the closed eye.

The study of a new type of phosphene was 
stimulated by the experience of astronauts 
on space-fl ight Apollo missions. When it 
was dark in the spacecraft they reported 
seeing light fl ashes (pinpoints and streaks) 
at a frequency of one or two per minute. The 
postulate was that the fl ashes were caused by 
heavy cosmic-ray particles (carbon, nitrogen, 
oxygen) entering the eye. Laboratory 
experiments therefore simulated such cosmic 
rays by producing recoil carbon, nitrogen 
and oxygen nuclear fragments in the eye, 
initially exposing “dark adapted” people to a 
low-intensity neutron beam at energies going 
up to 640 MeV at the Berkeley cyclotron. 
Light fl ashes were observed.

Lower-energy experiments at the 
university of Washington, Seattle, cyclotron 
revealed a further source – slow-recoil 
protons and alpha particles, with an energy 
deposition greater than about 100 MeV per 
gram per cm2. The frequency of the fl ashes 
with regard to the orientation of the head in 
the beam indicated that the eye is the site 
of the phenomena rather than something 
triggered directly in the brain itself.

The investigation moved back to the 
Berkeley cyclotron and attempted to obtain 
more quantitative data using a carefully 
controlled beam of 240 MeV helium 
ions. It was defi nitely established that the 
phenomena originated in the retina and an 
idea was obtained of the effi ciency of the 
eye in detecting the particles (about 40% 
if the particles were coming at a rate of 

around 10 per second – falling off at lower 
and higher rates). This gives a very rough 
calibration on man as a detector of certain 
classes of cosmic rays.

The astronauts on the Apollo fl ights were 
seeing light fl ashes at a rate of one or two 
per minute. calculations of the expected 
concentration of heavy cosmic rays (from 
carbon atoms up) give values of two to 
four per minute passing through an area 
equivalent to the retina of the human eye. 
Slow protons and helium ions could also 
be contributing, so that, within the very 
tentative estimates that can be made, the 
postulate of cosmic rays as the source of the 
astronauts’ light fl ashes looks good. 

 ● compiled from texts on p248 (picture 
above right, p279, CERN Courier october 
1971).

Coming together
The TriuMF project, involving four 
canadian universities – Alberta, Simon 
Fraser, Victoria and British columbia – is 
one of the three “meson factories” currently 
under construction (the others being the linear 
accelerator, LAMPF, at Los Alamos, and the 
two-cyclotron system of Sin at Villigen).

The TriuMF cyclotron is scheduled to 
come into operation in 1973 and construction 
on almost all components is in line with the 
programme. Two of the large magnet sectors 
have arrived at the site and installation of the 
fi rst of them in the machine vault has started. 
All six sectors should be delivered by the end 
of the year and be in place by June 1972. 

 ● compiled from texts on pp250–251.

Seeing particles

On 24 August, a nitrogen-ion beam 
(250 MeV per nucleon) was used to stimulate 
visual phenomena in the scientifi cally 
skeptical eye of the Berkeley Laboratory 
director, E M McMillan, [seen here with 
light-fl ash investigators T F Budinger and 
C A Tobias]. With only 30 particles through 
the retina, McMillan had to confess to “a 
whole constellation”. (Photo LBL.)

The fi rst sector of the TRIUMF cyclotron 
magnet assembled at the manufacturer’s 
(Davie Shipbuilding Limited, Quebec) prior 
to dispatch to the site at the University of 
British Columbia.

Compiler’s Note 
Most of us still have a woefully inadequate understanding of the supposedly 
detrimental effects of radiation, so willingly sticking one’s head into 
ion beams more than 40 years ago seems to have been rather cavalier. 
However, several of those pioneering radiobiologists – engaged in the 
pursuit of knowledge – went on to develop technologies that are widely 
used today in nuclear medicine and hadron therapy (p21, current issue). 

For the record, the massive 18-m-diameter, 4000-tonne TRIUMF 
cyclotron magnet produces a fi eld of 0.46 T – too high for head-dipping, 
light-fl ash seekers? In fact, of all of the ways suggested to provoke this 
illuminating sensation, it is probably advisable for any enthusiastic reader 
to stay with pressure on the closed eye.
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VATRING

«Easy close» all-metal angle valve

«Hard-on-hard» sealing:
seal replaceable

Easy operation,  
no torque wrench required

High conductance

Maintenance-free

For vacuum processes with extreme UHV requirements

Series 54.1, DN 16 – 63 (⅝" – 2½")

UHV system engineers are often challenged with 
particulates in the vacuum envelope and the  
damage that they can cause to all-metal valve 
seats. To reduce the problem, FLEX VATRINGs use 
new sealing surfaces on lower levels. 
 

Replacement in the field is easy with no polishing 
or machining required. This extends the life of the 
valve by up to three times.
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  Flexible - bend radius of 6 x outer diameter.
  Pressure tight vacuum seal.
  Operating temperature of -269oC to 1,260oC.
  Welded and hermetically sealed connections.
  Sheath diameter from 0.08mm to 26mm.
  Capable of operating in the following atmospheres - 

oxidising, reducing, neutral and vacuum.
  RF Coaxial, Triaxal  cables, Multiconductor Transmission 
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Mineral Insulated Cable
We were among the f irst pioneering companies to manufacture MI cable for 
improved performance and reliability. standard insulation materials include 
MgO, Al2O3, and SiO2 with high purity for application such as nuclear 
and elevated temperature as standard.  Cables are manufactured to all 
International Standards such as IEC, ATSM, JIS and BS.
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