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Gravitational-lensing measurements indicate 
that clusters of galaxies are surrounded by 
large halos of dark matter. By studying the 
distribution and colour of galaxies inside 
galaxy clusters using data from the Sloan 
Digital Sky Survey (SDSS), researchers have 
now measured a new feature of the shape of 
these halos. The results show that the density 
of dark matter in a halo does not gradually 
fall off with distance, as might be expected, 
but instead exhibits a sharp edge. 

According to the standard cosmological 
model, dark-matter halos are the result of 
small perturbations in the density of the early 
universe. Over time, and under the influence 
of gravity, these perturbations grew into 
large dense clumps that affect surrounding 
matter: galaxies in the vicinity of a halo will 
initially all move away due to the expansion 
of the universe, but gravity eventually 
causes the matter to fall towards and then 
orbit the halo. Studying the movements of 
the matter inside halos therefore provides 
an indirect measurement of the interaction 
between normal and dark matter, allowing 
researchers to probe new physics such as 
dark-matter interactions, dark energy and 
modifications to gravity.

Using the SDSS galaxy survey, Bhuvnesh 
Jain and Eric Baxter from the University 
of Pennsylvania and colleagues at other 

institutes report new evidence for an edge-like 
feature in the density profile of galaxies 
within a halo. The large amount of SDSS 
data available allowed a joint analysis of 
thousands of galaxy clusters each containing 
thousands of galaxies, revealing an edge 
inside clusters in agreement with simulations 
based on “splash-back” models. The edge is 
associated with newly accreted matter which, 
after falling into the halo, slows down as it 
reaches the extremity of its elliptical orbit 
before falling back towards the halo centre. 
As the matter “splashes back” it slows down, 
which leads to a build-up of matter at the edge 
of the halo and a steep fall-off in the amount of 
matter right outside this radius. 

The authors found additional evidence 
for the edge by studying the colour of the 
galaxies. Since new stars that formed in 
hydrogen-rich regions are more bright in the 
blue part of the spectrum, galaxies with large 
amounts of new-star formation are more 
blue than those with little star formation. As 
a galaxy travels through a cluster, different 
mechanisms can strip it of the gasses 
required to form new blue stars, reducing 
star formation and making the galaxy appear 
more red. Models therefore predict galaxies 
still in the process of falling into the halo 
to be more blue, while those which already 
passed the edge and are in orbit have started 
to become red - exactly as data from the 
SDSS galaxy survey showed. 

A range of ongoing and new galaxy 
surveys – such as Hyper Suprime-Cam, Dark 
Energy Survey, Kilo-Degree Survey and 
the Large Synoptic Survey Telescope – will 
measure the galaxy clusters in more detail. 
Using additional information on the shape 
of the clusters, says the team, it is possible 
to study both the standard physics of how 
galaxies interact with the cluster and the 
possible unknown physics of what the nature 
of dark matter and gravity is.

 ● Further reading 
E Baxter et al. 2017 arXiv:1702.01722.

Picture of the month

In this Hubble Space Telescope image, which 
was released as part of the telescope’s 27th 
anniversary this year, two very different 
looking spiral galaxies are visible. The closely 
neighbouring galaxies – NGC 4302 on the 
bottom and NGC 4298 on the top – are located 
next to each other 55 million light-years away 
and were discovered by astronomer William 
Herschel in 1784. The galaxies, which are 
among around 2000 that form the Virgo 
Cluster, are separated at their closest point by 
approximately 7000 light-years. Yet despite 
their close proximity, they apparently lack any 
significant gravitational interaction. No tidal 
tails or large deformations, typical for galaxies 
in close proximity, are observed for this pair, 
only a faint bridge of neutral hydrogen gas 
(not visible in the image) appears to stretch 
between them.

Survey reveals edge of dark-matter halos

Simulation showing the density of a galaxy 
cluster, with a clear edge in the density 
(dashed line) induced by the process of 
“splash back”. 
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...the power in microwaves!

ULTRA AVAILABLE 
AMPLIFIERS  
FOR ACCELERATOR &  
MEDICAL APPLICATIONS
TMD in collaboration with Rosatom - NIITFA is now able to  
offer revolutionary, ultra-available RF solid state amplifiers  
for scientific and medical applications. 

Innovative power combining and control system results in: 

• Ultra-compact systems, typically one  
  19” rack / 100 kW (pulse)

• CW / Pulse Systems, long pulse

• Modular Solid State architecture,     
   compact modules (<10 kg)

• Highly Maintainable with Hot Swap  
   capability

• Wall Plug efficiency competitive with  
   tube technology (55% demonstrated)

• Highly robust to VSWR mismatch

• High MTBF and Low MTTR

• No loss of power from any single  
   element failure

• High efficiency enhances reliability

• Frequencies available from

   20 MHz to 1.3 GHz

• MW power capability

For more information on our leading edge 
technology email us at wecare@tmd.co.uk  
or visit www.tmd.co.uk 

Applications: 
• Synchrotrons, LINACs for scientific, 

experimentation/particle physics 
and Spallation systems

• Medical therapy equipment

• Cyclotrons for radioisotope 
production

• Option to upgrade existing systems

 
Other Products:
• High Power, Very Low Phase Noise  

TWT Amplifiers

•  Brazed UHV components

•  Electron Guns

Courtesy Honeywell Aerospace
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