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Study hints at cosmic-ray ‘hotspot’

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
57EeV (1 EeV=10"%¢eV) clustering in a
circle 40° in diameter represent a statistical
excess of 5.10. 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 field.

The origin of cosmic rays has intrigued
physicists since their discovery in 1912.
The difficulty is that, unlike light rays,
these charged particles are deflected by the
Galaxy’s magnetic field and their arrival
direction is therefore randomized. It is only
recently, through indirect methods, that the
Fermi Gamma-ray Space Telescope was
able to find 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>60EeV)
are the least affected by magnetic fields 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
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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.)

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 significance

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 km? in Utah, with

3 m?scintillation detectors placed every
1.2km 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 5.10.
To account for random clustering better, the
collaboration simulated a million Monte
Carlo data sets of 72 spatially random events
in the field 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 x 107,
equivalent to a one-sided significance of 3.40.
The collaboration, with physicists mainly
from the Universities of Tokyo and Utah,
notes that there are no specific 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 deflection 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 deflected
more by magnetic fields. The TAx4 project,
an extension of the TA, would provide a
speed-up of the detection rate to confirm the
existence of the excess.

o Furtherreading
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). Ateam of researchers has identified 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 magnification 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 x 10" times the mass of the Sun, to a precision of
1%. (Image credit: ESA/Hubble, NASA, HST Frontier Fields.)
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«Easy close» all-metal angle valve

For vacuum processes with extreme UHV requirements www.vatvalve.com
Series 54.1, DN 16-63 (%" —-2'4")

B Easy operation,
no torque wrench required

B High conductance

B Maintenance-free

Original
VATRING

1stand 2"
replacement
VATRING

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
«Hard-on-hard» sealing: new sealing surfaces on lower levels.

Replacement in the field is easy with no polishing
seal replaceable or machining required. This extends the life of the
valve by up to three times.

@ OKAZAKI

MANUFACTURING COMPANY
Temperature is our business

Mineral Insulated Cable

We were among the first pioneering companies to manufacture Ml cable for
improved performance and reliability. standard insulation materials include
MgO, Al203, and SiO2 with high purity for application such as nuclear
and elevated temperature as standard. Cables are manufactured to all
International Standards such as I[EC, ATSM, JIS and BS.

Flexible - bend radius of 6 x outer diameter.

Pressure tight vacuum seal.

Operating temperature of -269°C to 1,260°C.

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
cables for power, control and instrumentation

Innovation at Okazaki: Cabling, Temperature Sensors & Heaters | okazaki-mfg.com
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