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The Planck collaboration has published 
an all-sky map of the polarized thermal 
emission of dust grains in the Milky Way. It 
shows that the fi eld used by the experiment 
for Background Imaging of Cosmic 
Extragalactic Polarization (BICEP2) 
to measure B-mode polarization of the 
cosmic microwave background (CMB) is 
contaminated signifi cantly by galactic-dust 
emission. The B-mode signal detected by 
the BICEP2 collaboration would, therefore, 
at least in part, be due to dust, and not to 
the claimed primordial gravitational waves 
giving evidence for infl ation (CERN Courier 
May 2014 p13). 
The announcement on 17 March 2014 

of the detection of swirling B-mode 
polarization in the CMB by the BICEP2 
collaboration took the scientifi c 
community by surprise. This particular 
type of polarization is not spectacular 
by itself, but by the interpretation that it 
is due to primordial space–time metric 
fl uctuations “frozen-in” by infl ation and 
then amplifi ed to degree-scale gravitational 
waves. The BICEP2 results were therefore 
seen as evidence for infl ation, and for 
a quantum-gravitational process at an 
energy approaching the Planck scale, 
where all of the fundamental forces are 
thought to be unifi ed.

Soon after the initial excitement 
about this extraordinary result, 
suspicion arose on the interpretation 
of the observations in view of possible 
foreground contaminations. A prime 
concern was the production of a similar 
B-mode polarization signal by the thermal 

emission of asymmetrical dust grains, 
which align on the magnetic fi eld of the 
Galaxy (Picture of the month, CERN 
Courier June 2014 p17). Some researchers 
incriminated the weak accuracy of 
dust data used in the BICEP2 study to 
estimate foreground contamination. New 
results from ESA’s Planck mission on 
galactic-dust polarization were therefore 
highly anticipated.

This paper appeared on the arXiv preprint 
server on 19 September. Although not yet 
peer reviewed, the study casts doubts on the 
interpretation of the B-mode signal being 
due to primordial gravitational waves. It 
shows that the amount of dust in the fi eld 
observed by BICEP2 is signifi cantly higher 
than was assumed in the paper by the 
scientists of the Harvard-Smithsonian Center 
for Astrophysics. How much of the measured 
B-mode signal is due to dust emission is 
not yet clear, owing to large uncertainties. 
The dust contribution extrapolated from the 
Planck 353 GHz band is, however, found to 
be at roughly the same level as the observed 

BICEP2 signal at 150 GHz.
To establish better whether the entire 

alleged cosmological signal is due to dust 
foreground, a more detailed analysis of both 
the BICEP2 and Planck data is currently 
being carried out jointly by the two teams. 
The Planck collaboration expects the results 
of this cross-correlation of the two maps to 
be published in the same time frame as the 
next release of Planck data, and results are 
foreseen for the end of November 2014.

Even if it turns out that the published 
BICEP2 signal is due to dust solely, this is 
not the end of the story. Indeed, Planck has 
shown that there are other regions in the sky 
with less dust emission. These would be prime 
targets to observe primordial B-modes by the 
next-generation instrument, BICEP3, which 
will soon improve in sensitivity and operate at 
a frequency of 100 GHz, which is less affected 
by dust contamination.

 ● Further reading 
Planck Collaboration, Adam et al. 2014 
arXiv:1409.5738 [astro-h.CO]; submitted to A&A.

Picture of the month

This delicate galaxy pictured by the NASA/ESA Hubble Space Telescope is 
a nice example of a nearby, recently formed galaxy. Galaxies in our cosmic 
neighbourhood are usually mature, with a mix of stars formed at different 
epochs across the billions of years of cosmic time. Young, irregular galaxies like 
DDO 68, depicted here, are more common in the distant universe, where galaxies 
appear to us as they were billions of years ago. DDO 68 lies only about 39-million 
light-years away, and looks youthful based on its irregular structure and the little 
amount of heavy elements in the composition of its stars. The pink nebulae – 
hydrogen ionized by the ultraviolet radiation of young, bright stars – bear witness 
to an active star formation. It is, however, not excluded that DDO 68 contains a 
fraction of older stars, as with I Zwicky 18, which was also fi rst thought to be a 
“baby” galaxy (Picture of the month CERN Courier January/February 2005 p12). 
(Image credit: NASA & ESA/A Aloisi, Space Telescope Science Institute.)

Planck confirms doubts on BICEP2 results
Map of the northern (left) and 
southern (right) galactic 
hemispheres, showing the B-mode 
intensity (increasing from blue to 
red) of thermal dust emission as 
measured by Planck in wide patches 
of the sky. The outlined trapezoidal 
area shows the region observed by 
BICEP2. A region closer to the 
galactic south pole would have been 
less contaminated by dust. (Image 
credit: Planck Collaboration.)
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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,  N O V 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

The range of beam detectors at the ISR has 
been increased by the installation of a novel 
beam-profi le detector, which observes the 
ionization caused in a sodium curtain through 
which the beam passes. It is a distant relative 
of the familiar luminous screen, which lights 
up when placed in the path of the beam. 
The high intensity of lSR beams, and the 
catastrophic effects such a screen would have 
on a beam intended to circulate for hours, rule 
out the use of a fi xed solid screen.

One way to solve the problem involves the 
use of a curtain of gas – sodium was chosen. 
Because of the low density in a gas curtain, 
the light emitted is too weak for photography 
or observation with a TV camera. If, 
however, an electric fi eld (4 kV cm) is set up 
perpendicular to the beam, electrons coming 
from collisions between beam particles and 
gas atoms can be accelerated sideways, so 
as to strike a fl uorescent screen and produce 
an image of the beam [that is defl ected by a 

mirror onto a TV camera]. Light output is 
thus increased about 10,000 times. 
The gas curtain consists of a fl at jet of 

sodium, 1 mm thick, issuing from a slit 
inclined at 45° to the beam and projected at 
supersonic speed towards an exit slit on the 
opposite side of the vacuum chamber. 
The detector was fi tted in Ring I in October, 

while waiting for delivery of the gas jet 
generation system. After the optical system 
had been connected, what became visible 
on the screen was an image one would see 
looking from above the beam, due to electrons 
coming from ionization of the residual gas. 
Despite the very low residual pressure (less 
than 10–10 torr), the acceleration given to the 
electrons and the extreme sensitivity of the 
television camera yield a visible signal. 

Using this signal, it was possible to 
produce the shape shown in the photograph, 
where the beam intensity is proportional 
to the height, and to follow the process 

Synchrotron radiation
At the end of October, V L Auslandet and 
S G Popov from Novosibirsk visited CERN, 
and some accelerator physicists were able to 
see again the famous fi lms of the synchrotron 
light emitted by beams orbiting the storage 
ring VEPP 2.

As shown in the photograph, the beam had 
effectively broken into two groups of particles 
– one forming a central stable core, the 
other executing large-amplitude horizontal 
oscillations. The oscillations are believed 
to have been caused by an induced voltage, 
possibly on the clearing plates in the ring. 
The vertical separation of the oscillations is 
due to coupling of the two transverse planes. 
Particles could swap from one group to 
the other via the amplitude dependence of 
the Q-shift. Thus when particles reach the 
extreme amplitudes (about 1 cm in either 
direction) they get out of tune with the 
mechanism exciting the oscillations and fall 
back into the stable group.  

 ● Compiled from texts on p329.

Sodium gas ionization

This oscilloscope photograph shows the 
signal from an ISR beam-profi le detector 
collecting electrons from ionization of the 
residual gas in Ring I. The signal is 
proportional to the radial density of the beam.

Looking like a view of the planet Saturn, 
this “still”, above right, is from one of the 
fi lms recording the synchrotron light from a 
positron beam in VEPP 2 (integrated over 
many turns by the photographic fi lm). 
(Photo Novosibirsk.)

Compiler’s Note 
In storage rings, residual gas causes beam loss and synchrotron radiation 
causes energy loss. A priori unwelcome, these effects are profi tably 
exploited at the LHC (and elsewhere). 

The well-being of the LHC vacuum system is monitored using 
beam-loss monitors (BLMs) that measure beam-residual gas 
interactions. BLMs are particularly useful in transition zones of changing 
gas density, for example between cryogenic and room-temperature 
pipes, and in machine sections where vacuum gauges are infrequent, 
such as the arcs.

Although it is usually associated with electron accelerators, proton 
machines that reach suffi ciently high energies can use synchrotron 

radiation for diagnostic purposes. At the LHC, an optical arrangement focuses synchrotron light from 
two magnets to image the cross-section of the beams, and so determine both spatial (transverse) and 
temporal (longitudinal) profi les.

Today, synchrotron radiation has come into its own in dedicated electron storage rings, producing 
high-intensity light sources that can readily be polarized, collimated, tuned and pulsed. Found around 
the globe, major applications range from condensed-matter physics and materials science, where 
matter is probed at sub-nanometre levels, to biology and medicine, which require inspection at 
micrometre and millimetre levels.

s E E i N G  B E a M s

of formation of the beam and its radial 
movements during stacking. Thus, even 
before the sodium curtain is installed 
(scheduled for Spring 1972), we have a 
beam-profi le detector already providing a 
great deal of useful information.

 ● Compiled from texts on pp324–325.
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