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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 U N I V E R S I T Y  O F  Z U R I C H

A detailed study of galaxy clusters using 
nASA’s chandra X-ray observatory and 
eSA’s XMM-newton has found a mysterious 
X-ray signal. one intriguing possibility is 
that the X-rays are produced by the decay of 
sterile neutrinos – a candidate particle for 
dark matter – although there is doubt that this 
is the correct interpretation. 

The mystery surrounds an unidentifi ed 
X-ray emission line at energy 
e = 3.56±0.03 keV, found in the Perseus 
galaxy cluster, during a study of data from 
both the chandra and XMM-newton 
missions led by esra Bulbul from 
the Harvard-Smithsonian center for 
Astrophysics. The team also found the line 
in a combined study of 73 other galaxy 
clusters observed with XMM-newton. As 
these clusters have different redshifts, this 
fi nding excludes, a priori, the possibility 
that the line is an instrumental artifact. The 
authors of the study admit, however, that 
the detection is at the limit of the current 
instrumental capabilities.

The researchers argue that there should 
be no atomic transitions in thermal plasma 
at this energy. They therefore suggest that 
this emission line could be a signature from 
the decay of a sterile neutrino with a mass 
of ms = 2e = 7.1 keV. Sterile neutrinos are a 
hypothetical type of neutrino predicted to 
interact with normal matter via gravity only. 
They have been put forward as candidates to 
explain dark matter, at least partially.

The paper on these fi ndings was submitted 
to The Astrophysical Journal in February and 
posted on the arXiv preprint server, igniting a 
fl urry of activity, with 60 new papers having 
cited this work in the four months from 
March to June. Some of these papers explore 
the sterile neutrino interpretation, while 
others suggest that other types of candidate 
dark-matter particles, such as axions, might 
have been detected.

What makes many researchers doubt the 
results, is that the intensity of the emission 
line is signifi cantly different from one cluster 
to the other. While the detection in the full 
sample of clusters corresponds to a mixing 
angle for the decay that is below previously 
determined upper limits, the line in Perseus 
is much brighter than expected for this 
mixing angle (based on the cluster’s mass 
and distance), deviating signifi cantly from 
other subsamples. The fact that the detected 
signal is very weak (with an equivalent width 
in the full sample of about 1 eV only) and 
located within 50–110 eV of several known 
faint lines is also suspicious. However, the 
authors recognize that “the dark matter 
explanation is a long shot” and that they 
“have a lot of work to do before they can 
claim, with any confi dence, that they have 
found sterile neutrinos”.

This study on a possible dark-matter 
signal follows the report on the excess of 
gamma-ray emission from the Galactic 
centre observed with Fermi, which 
strengthened the case for a signal from 
annihilating dark matter (CERN Courier 
April 2014 p13). in this case, it is still early 
days. Have the researchers stumbled on 
something really interesting? Future studies 
and better instrumentation are needed to 
settle the issue.

 ● Further reading 
E Bulbul et al. 2014 ApJ 789 13.

Picture of the month

This colorful image of the Whirlpool Galaxy is a composite 
of X-ray observations (in purple) from the Chandra X-ray 
Observatory superimposed on the optical image from the 
Hubble Space Telescope. With more than 10 days of overall 
observing time, Chandra revealed about 500 X-ray sources in 
this beautiful spiral galaxy, also known as Messier 51 (CERN 
Courier July/August 2010 p14). Most of these sources are 
X-ray binaries consisting of pairs of objects where a compact 
star, either a neutron star or a black hole, is capturing material 
from an orbiting companion star. The infalling material is 
accelerated by the intense gravitational fi eld of the compact 
star and heated to millions of degrees, producing a luminous 
X-ray source. The more diffuse, or fuzzy, X-ray emission 
in this interacting galaxy comes from gas that has been 
heated to multi-million degrees by supernova explosions of 
massive stars. (Image credit: X-ray: NASA/CXC/Wesleyan 
Univ./R Kilgard et al.; optical: NASA/STScI.)

Do X-rays reveal a sterile neutrino?

A new study of the Perseus galaxy cluster, 
shown in this image, and others using 
Chandra and XMM-Newton, has revealed a 
mysterious X-ray signal in the data, which 
might be from sterile neutrino decay. (Image 
credit: Chandra: NASA/CXC/SAO/E.Bulbul 
et al.; XMM-Newton: ESA.)
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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,  A U G U S T  1971,  C O M P I L E D  B Y  P E G G I E  R I M M E R

remote from the noise and bustle of 
europe’s capital cities, in the charming 
German lakeside town of Lindau close to the 
borders of Austria and Switzerland, nobel 
prize winners in physics gathered from June 
28–July 2 to talk of their science and its 
interaction with society.

The fi rst of these annual meetings 
of nobel prize winners was a medical 
congress in 1951. This year’s assembly was 
21st in the series and seventh where the 
main theme was physics. 

readers of the CERN Courier would 
have been particularly interested in the 
conference given by Professor Heisenberg 
in which he analysed his past and present 
attitudes to the Super Proton Synchrotron 
project [for a 300 GeV machine, approved 
in February 1971 to be built in a new 
laboratory adjacent to cern Lab i]. He 
was reputed at one time to be strongly 
opposed to the project, the eminence 
grise in German science discouraging 
participation. certainly in a number of 
interviews he made clear his reservations 
about the early proposals, but reports on 
his views were sometimes tendentious and 
even, one suspects, apocryphal. Here was 
an opportunity to hear how Heisenberg’s 
thoughts had evolved and what new 
considerations led to his approbation.

Among the points he raised was the 
fact that when projects of the size and 
signifi cance of the 300 GeV machine are in 
question, it is naïve to believe that politics 
can be ignored. The scale of expenditure, 
choice of location and relevant urgency 
are all matters where public discussion is 
necessary and public policy, i.e. politics, is 
involved.   

First the physics
From the physics angle, previous experience 
would suggest that larger machines – higher 
energies – would yield new information 
and new knowledge. Moreover, the fi eld 
of elementary particle physics concerns 
physics at its most fundamental, the 
laws of nature to which all physical laws 
can be reduced. At the same time, the 
technological stimulus created by this work 
at the frontiers of knowledge is of general 
importance. Such arguments certainly were 
in favour of the construction of a machine of 
100 GeV or so, but for still higher energies 

the question of cost and relative value had to 
enter into consideration. 

There was a question mark too over the 
type of discoveries that can be made at higher 
energies. it could be that there is no longer 
subdivision of matter, but only the creation of 
new particles or new particle states. cosmic 
ray evidence had not suggested that there was 
anything more fundamental to be found. 

in any case, the iSr should reveal 
any basically new phenomena and if 
conventional machines of higher energy 
were then shown to be necessary, one should 
fi rst consider new techniques so that they 
could be built more cheaply. 

Competing claims
At the level of expenditure, sums need to be 
diverted from other activities and if a new 
synchrotron is built collectively this is also a 
drain on the national pools of assets. choices 
of this nature are disagreeable – particularly 
when trying to balance the quest for 
fundamental knowledge against day-to-day 
problems. national defence raises even more 
diffi culties; money forthcoming from that 
direction must be made available by those 
responsible for the defence. 

The uK made a positive contribution 
towards resolving this argument by agreeing 
to participate in the new cern programme 

at the expense of their national effort – even if 
it were to mean closing a national laboratory. 
it is rare to see demands on the State purse 
accompanied by proposals that require 
sacrifi ces by those making the demand. 

Dispassionate advice
one acute problem facing governments was 
their dependence on scientists for advice. in 
a fi eld as restricted as high-energy physics, 
the advisers are inevitably interested parties 
and a sacrifi ce is necessary as a proof of 
good faith, to convince the politicians of the 
genuineness of their submissions. The uK 
physicists had done so. 

undoubtedly, the formation of an 
international community is to be encouraged 
and its institutions and centres supported. 
Happily, cern is one of the best examples 
of international collaboration but several 
others, such as Trieste, lspra, Grenoble and 
the various space centres are all contributing. 

The question of the location of these 
centres is, however, also important, and 
a reasonable distribution across europe 
is indispensable. it had been hoped that 
the German site of Drensteinfurt would 
be selected for the 300 GeV machine but 
the cost reductions associated with the 
proposition for cern Lab ll shifted the 
balance in favour of this second choice. The 
stability afforded to the present laboratory 
was also a valuable element and insured 
against a future over-provision of facilities in 
this domain and consequently an excessive 
production of physicists. Taking all these 
aspects into consideration, the compromise 
solution of cern Lab ll is a good one. 

 ● compiled from texts on pp221–222.

Heisenberg’s principles
Werner Heisenberg: 
thoughts on big 
machines.

Compiler’s Note 
Werner Heisenberg died some four months before John Adams 
announced to the June 1976 Council meeting that the Super Proton 
Synchrotron (SPS) had accelerated protons to 300 GeV. Adams there 
and then sought and obtained Council’s approval to increase the energy 
to 400 GeV. Five minutes later, he reported that 400 GeV protons were 
circulating in the machine. Contrary to Heisenberg’s supposition, 
the Intersecting Storage Rings (ISR) did not make any major physics 
breakthroughs, but did launch CERN’s outstanding hadron-collider 
programme, which is approaching a zenith as the LHC prepares to deliver 
13 TeV proton–proton collisions, with the indefatigable SPS as the fi nal 
accelerator in the pre-injection chain. 
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