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Supernova remnants accelerate cosmic rays

A century after thediscovery of cosmicrays,
NASA'’s Fermi Gamma-ray Space Telescope
has gathered strong evidencethat protons

are, indeed, accelerated to high-energiesby
supernovaremnants (SNRs). The*smoking
gun” isthe production of neutral pionsin
proton—proton collisionsand their subsequent
decay, reveal ed by the shape of thegamma-ray
spectrum measured intwo SNRs.

Cosmicraysarehigh-energy charged
particles(mostly protons) interactingin
the Earth'satmosphere. Except for the
low-energy component inthe solar wind,
they hitthe Earthfromall directionsbecause
theinterstellar magnetic field deflectsthem
randomly. Thismeansthat cosmicrayscannot
betracedtotheir sources—sotheir origin
hasremained amystery sincetheir discovery
by Victor Hessin 1912 (CERN Courier duly/
August 2012 pl4).

Based on the pioneering work of Enrico
Fermi in 1949, researchers have suspected
that SNRsare capable of accelerating
particlesto cosmic-ray energiesaccording
tothefollowing scenario. A massive star
exploding asasupernovawill producean
expanding shock waveintheinterstellar
medium. A particle crossing the shock front
gainsanincreasein speed of about 1%. This
isnot much but it can becomeimportant for
multiple crossingsthat can beinduced when
aturbulent magnetic field deflectsacharged
particleinarandomwalk process. A particle
that crossesthe shock discontinuity many
times can gain enough energy to break free
and escapeinto the Galaxy —becoming a
cosmicray.
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This image combines data from ESA’s
Herschel Space Observatory with Fermi’s
gamma-ray obser vations (magenta) of
super novaremnant W44, (Image credit:
NASA/DOE/Fermi LAT collaboration and
ESA/Herschel.)

Thedetection of high-energy gamma
raysemitted by SNRsprovided the
first observational evidencefor sucha
mechanism (CERN Courier January/
February 2005 p30). This was corroborated
by the detection with Cherenkov telescope
arrays of the nearby starburst galaxiesM82
and NGC 253 (CERN Courier December
2009 p11). However, it wasstill possiblethat
the gamma-ray radiation could beinduced
by bremsstrahlung or inverse-Compton
radiation from electrons, rather than by
cosmic-ray protons.

Anopportunity to disentanglethe
two processes by studying lower-energy
gamma-raysat energiesof MeV to Gev
came with the launch of the Fermi satellite in
2008 (CERN Courier November 2008 p13).

To provethat SNRsproduce cosmicrays,

the Fermi collaboration has focused on two
particular objects, known as|C 443 and W44.
Not too distant in the Galaxy, these have
theadvantagethat they areexpandinginto
cold, densecloudsof interstellar gas. These
cloudsemit gammarayswhen struck by
high-speed particles escaping the remnants.
If these particlesare protons, then they can
produce neutral pionswhen colliding with
ambient nuclel inthegasclouds. Thepions
theninstantly decay into pairsof gammarays
with an energy of half of the pion rest mass,
135MeV, intherest frameof the particle.
Whilethe photon number spectrumisthus
centred at 67.5MeV, theusual representation
of thegamma-ray spectrum—the photon
number spectrum multiplied by the square

of the photon energy —rises steeply below
around 200MeV.

Thankstoimproved calibrationsat low
energies, the Fermi spectra of IC 443 and W44
can now show the presence of thelow-energy
spectral cut-off expected from pion decay.
Thestudy publishedin Science by the Fermi
collaboration showsthat thegammarray
spectraof both sourcesarebetter reproduced
by pion decay rather than by bremsstrahlung
radiation from electrons. Thisobservational
proof of proton accelerationin SNRswasone
of the key objectives of the Fermi mission
and confirmsthebasic principleof particle
acceleration suggested by Enrico Fermi some
60 yearsago.

o Furtherreading
M Ackermann etal. 2013 Science 339 807.

Picture of the month

This colourful view of Mercury was produced by assembling thousands of
images of its surface taken by NASA’s MErcury Surface, Space ENvironment,
GEochemistry, and Ranging (MESSENGER) spacecraft, which has been in
orbit round the planet for two years (CERN Courier April 2012 p15). Before
MESSENGER, more than half of the planet was a complete mystery. This
image (and the one of the opposite side) completes the 100% coverage of
the planet. The colours are not what Mercury would look like to the human
eye but enhance the chemical, mineralogical and physical differences
between the rocks that make up its surface. The giant Caloris basin is

the large circular, tan-coloured feature to the upper right. Created by the
impact of a comet or asteroid during the Solar System’s early years, it was
subsequently flooded with lava from volcanic activity. Younger impact craters
are surrounded by rays of ejected material appearing light blue or white.
(Image credit: NASA /JHU Applied Physics Lab/Carnegie Inst. Washington.)
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Programmable DC Power

High Current Solutions

Genesys™ family

Now available with 2.4kW in 1U

750W 1U Half rack to 15kW 3U full rack

Outputs to 600V and 1000A

Built in RS-232 & RS-485 Interface

Parallel Current Summing

Optional Interfaces: LXI Compliant LAN
IEEE488.2 SCPI Multi Drop

USB, Isolated Analog

High Voltage Solutions
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Capacitor Charging: 1-50kV, 0.5-30kJ/sec
Continuous DC: 1-50kV, 0.5-50kW
Turn-key systems:  30kW-1MW+

Water and Air-cooled designs

Parallel Operation for Higher Power

Full Remote and Local Controls
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Scan QR code or
visit http://goo.
gl/PwijgC to see
the AXle digitizer
video demo

© Agilent Technologies, Inc. 2012. Photos courtesy of CERN. © Copyright CERN.

Anticipate __Accelerate __Achieve

Standard Interleaving option (INT)
Channel 8 channels 4 channels

Sampling 1.6 GS/s (with SR2) or 3.2 GS/s (with SR2) or
Rate 1 GS/s (with SR1) 2 GS/s (with SR1)

Bandwidth DC to 2 GHz (with F10) or  DC to 1 GHz (with F10) or
DC to 650 MHz (with FO5)  DC to 650 MHz (with F05)

The Agilent AXle high-speed digitizer provides the ideal solution
for advanced experiments in hydrodynamics, plasma fusion, and
particle physics. With this module you can build a large number of
synchronous acquisition channels with unprecedented measurement
fidelity in the smallest footprint. Advanced IP design, state-of-the-
art technology, and on-board real-time data processing are combined
to achieve outstanding performance.

Discover how to simplify your high-speed

multichannel acquisition system

. Agilent Technologies
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