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Planck reveals no evidence of new physics

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 first 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 confirms 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 “first
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 first 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 scientific
institutes in Europe, the US and Canada
—released the first data of the mission in
March 2013, together with 31 scientific

All-sky map of polarized dust emission in the
Milky Way (colour coded) with a texture
rendering of the magnetic-field lines of the
Galaxy.The area observed by BICEP2 is in
the lower, blue part of the image, but is still
affected by significant dust emission blending
with the possible signal from primordial
gravitational waves. (Image credit: ESA and
the Planck Collaboration.)

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

The press release from ESA emphasizes
the result that the re-ionization of the
universe by the first 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, N _, 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 (> 1-10eV) 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 confirms
that at least most, if not all, of the signal is
from galactic dust in the Galaxy (CERN
Courier November 2014 pl15), therefore
disproving the claim for primordial
gravitational waves from inflation (CERN
Courier May 2014 p13).

o 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 first time, multiple images of a single
supernova. The stellar explosion took place in the distant universe, and was split into
fourimages (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
five-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 configuration 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 fifth 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 (STScl) and the Frontier Fields team;
M Postman (STScl) and the CLASH team; and Z Levay (STScl).)
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Pioneers in
Mineral Insulated Cable

We were among the first pioneering companies

to manufacture Mineral Insulated cable to

improve product performance and reliability. Over
the decades, we’ve refined and improved that
technology, as it remains the heart of our products to
this day. We specialise in:

e Thermocouple Cables
o Resistance Cables
o RF Coaxial Cables

e Multi-conductor Transmission Cables for
power, control and instrumentation
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