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A new analysis of observations of the galactic 
centre by the Fermi Gamma-ray Space 
Telescope strengthens the case for a signal 
from annihilating dark matter. The authors 
claim that the excess emission has a spectral 
shape, spatial extent and normalization in 
good agreement with predictions of simple 
models of dark-matter annihilation. 

Although still elusive in particle-physics 
experiments, dark matter is a reality for 
astronomers. its presence is implied by 
the fl uctuations in the cosmic microwave 
background as measured by the Planck 
mission (CERN Courier May 2013 p12). it is 
essential for the formation of the fi rst stars 
and galaxies, and it provides the additional 
gravitational pull to hold clusters of 
galaxies together. Nonetheless, dark matter 
is only detected indirectly, via its effect 
on ordinary matter, or at most through its 
gravitational lensing effect on background 
galaxies observed through a massive galaxy 
cluster (CERN Courier July/August 2013 
p14). Weakly interacting massive particles 
(WIMPs) are a prime candidate for cold 
dark matter in the universe. With a mass 
above about 1 GeV and interacting only 
through the weak nuclear force and gravity, 
they can remain invisible because of their 
lack of electromagnetic interactions. 
However, the annihilation of WiMPs 
could potentially produce gamma rays, 
cosmic rays and neutrinos. Theoretical 
candidates for WiMPs include the lightest 
supersymmetric particle, neutralinos and 
sterile neutrinos.

As with all galaxies, the Milky Way is 

thought to be surrounded by a spherical halo 
of dark matter. The density gradient towards 
the galactic centre makes the latter the best 
place to search for a gamma-ray signal 
associated with dark-matter annihilation. 
The Fermi satellite is well suited for this 
search at energies between 100 MeV and 
300 GeV (CERN Courier november 2008 
p13). in the past few years, the analysis of 
Fermi’s observations of the central region of 
the Galaxy by different groups has detected a 
signifi cant excess with a maximum emission 
at around 1–3 GeV.

A new analysis by a uS team led by 
Tansu Daylan from Harvard university is 
now attracting attention. The team used 
a more restrictive selection of gamma 
rays, including only those with a small 
positional uncertainty. This allows the 
researchers to produce gamma-ray maps 

at higher resolution, enabling an easier 
separation of the putative spherically-
symmetric dark-matter signal from the 
contribution of the Galaxy’s diffuse 
emission and the “bubbles” found by Fermi 
(CERN Courier January/February 2011 
p11). The team fi nds an excess emission 
out to angles of around 10° from the 
centre of the Galaxy, with no signifi cant 
deviation from spherical symmetry. 
The excess has a high signifi cance and 
a best-fi t spatial distribution following a 
generalized Navarro-Frenk-White halo 
profi le, with an inner slope of γ = 1.26. 
Such a broad distribution disfavours the 
proposed alternative that this emission 
originates from a population of thousands 
of millisecond pulsars.

The derived spectrum associated with 
this excess is well fi tted by dark-matter 
particles with mass 31–40 GeV annihilating 
to b quarks. The new study disfavours the 
previously considered 7–10 GeV mass 
window in which the dark matter annihilates 
signifi cantly to τ leptons. The annihilation 
cross-section required to account for the 
signal is also found to be in good agreement 
with predictions for dark matter in the form 
of a simple thermal relic. While this analysis 
does not provide a discovery of dark-matter 
annihilation, it is nevertheless a compelling 
case for this process that will have to be 
confi rmed by corroborating observations in 
dwarf galaxies around the Milky Way.

 ● Further reading 
T Daylan et al. 2014 arXiv:1402.6703.

Picture of the month

This new image by the Hubble Space Telescope shows the spiral 
galaxy ESO 137-001, framed against a bright background as it moves 
through the heart of the Norma cluster of galaxies. The image captures 
not only the galaxy and its backdrop in stunning detail, but also 
something more dramatic – intense blue streaks streaming outwards 
from the galaxy, seen shining brightly in ultraviolet light. These streaks 
are hot young stars, encased in wispy streams of gas that are being 
torn away from the galaxy by its surroundings as it moves through 
space. This violent galactic disrobing is the result of a process known 
as ram pressure stripping – a drag force felt by an object moving 
through a fl uid. The fl uid in question here is superheated gas, which 
lurks at the centre of galaxy clusters and emits X-rays (Picture of the 
month, CERN Courier  November 2008 p11). (Image credit: NASA, ESA. 
Acknowledgements: Ming Sun (UAH), and Serge Meunier.)

Fermi gamma-rays match dark-matter signal

Gamma-ray emission in the 1–3.16 GeV 
energy band of the central 10° × 10° area of 
the Milky Way before (left) and after (right) 
subtracting all known contributions, 
leaving an unexpected excess that can be 
attributed to dark matter annihilation. 
(Image credit: T Daylan et al., Fermi Space 
Telescope, NASA.)
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New Photomultiplier HV Base
Using photomultipliers is now even easier with a new
range of compact, low noise, HV Bases from
ET Enterprises.

    range of input voltage (5V to 15V).
..
.

very low power
high stability

output voltage adjustable from 100V to 2000V

ET Enterprises is now your single source for ‘Electron Tubes’ and ADIT 
photomultipliers, including many Photonis replacements.

Visit our new website for further information.

Use our new interactive website to search our complete range of products or follow 
the contact links to discuss your application.

Incorporating socket, voltage divider and HV 
supply, they are suitable for use with a wide
range of photomultipliers operating in analogue, 
pulse counting or photon counting modes.
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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 new sealing surfaces on lower 
levels. 
 

Replacement in the field is easy with no 
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the life of the valve by up to three times.
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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 P R I L  1971,  C O M P I L E D  B Y  P E G G I E  R I M M E R

Since June 1965, the Medical Service has 
been responsible for surveying the health 
of the personnel and for sanitary control. 
The Staff rules and regulations and cern 
Safety Codes defi ne medical procedures, 
which punctuate the career of each member 
of the personnel: a medical examination on 
arrival, on the resumption of work after an 
illness, regular examinations to check on 
occupational diseases and an examination on 
leaving cern.

in addition, blood tests, biological tests, 
audiometric tests and X-rays are carried 
out on arrival and periodically as required. 

The emergency treatment of sick and 
injured persons is carried out with the Site 
Security Service and a well-equipped central 
infi rmary provides fi rst-aid for accidents. 
The specifi c problems of the physically 
handicapped are carefully studied. The 
Service also acts as a consultant in matters 
concerning general hygiene (environment, 
drinking water, canteens, etc.) as well as in 
social problems where medical factors often 
play an important part.

The medical service personnel consists 
of trained nurses, laboratory technicians, an 
administrative staff and the medical offi cer.  ● Compiled from texts on pp98–99.

A novel idea for solving environmental 
problems was put forward by R Sheldon (who 
went to nAL from rutherford and has been 
involved with the main ring magnets) while 
thinking about materials for a geodesic dome 
to sit on top of the 15-foot hydrogen bubble 
chamber building.

The idea, developed with H Hinterberger 
(NAL Director of Technical Services), is 
to build panels using empty beverage cans. 
Thanks to standardization of sizes, cans 
carrying different labels fi t together. The 
tops and bottoms are knocked out (by a 
specially developed machine, which clears 
a thousand cans an hour) so that they pass 
light, and they are assembled into panels 
by bonding thin glass fi bre reinforced 
plastic sheets over the open ends forming a 
sandwich about 10 cm thick.

The panels are cheap as their main 
component, normally discarded cans, is free. 
They have proved to be extremely sturdy 
and well able to withstand wind and snow 
loads. They are light, easily handled and 
can be assembled into virtually any desired 
shape. For the geodesic dome they will be 
equilateral triangles of about 3 m sides. 

As a bonus, they rid the environment of 
empty cans. Following an appeal cans have 
been pouring into the Laboratory.

 Environment again. In 1969 NAL 

acquired fi ve buffalo, the nucleus of what it 
is hoped will grow into a small herd, which 
will eventually be free to graze within the 
2 km diameter main ring. Following further 
additions, the buffalo have become one of the 
“tourist attractions” of the site. 

over 100 years ago, great herds of bison 
roamed the western plains of America, their 

number being estimated at around 20 million 
in 1850. relentless hunting ate into this 
until at one time it had reached a crisis 
fi gure of around 550. Preservation efforts 
have redeemed the situation and the present 
population is tens of thousands – some of 
them alive and well and living at Batavia.

 ● compiled from texts on pp102–103.

The Medical Service

From buildings 
to buffalo

Collecting one of the thousands of samples on 
which blood tests are carried out each year.

Left: R Sheldon (left) and H Hinterberger hold the model of the building to house the 
hydrogen bubble chamber at Batavia. The geodesic dome is to be constructed from 
triangular panels, as seen in the background, built of empty beverage cans (inset). 
Right: Some members of the buffalo herd at Batavia. (Photos NAL.)

Compiler’s Note 
CERN’s conservation credentials may not be as glamorous as those 
of Fermilab (formerly the National Accelerator Laboratory, NAL), the 
nearest bison being on a farm in nearby Colovrex. But only 210 of CERN’s 
650 hectares are taken up by buildings, roads and parking lots. The 
rest are fenced-off green areas, fi elds, woods and pasture. The Meyrin 
site has orchid sanctuaries boasting 19 different species and there is a 
resident herd of fallow deer on the Prévessin site. Sheep graze on both 
sites while red deer, roe deer and wild boar roam in CERN’s woods. 

For those in search of something more exotic, aurochs can be seen 
in the Marais des Bidonnes on the Franco-Swiss border between 
Divonne-les-Bains and Bogis-Bossey.
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