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A team of astronomers has estimated that 
the number of galaxies in the observable 
universe is around two trillion (2 × 1012), 
which is 10 times more than could be 
observed by the Hubble Space Telescope in 
a hypothetical all-sky survey. Although the 
fi nding does not affect the matter content 
of the universe, it shows that small galaxies 
unobservable by Hubble were much more 
numerous in the distant, early universe. 

Asking how many stars and galaxies there 
are in the universe might seem a simple 
enough question, but it has no simple answer. 
For instance, it is only possible to probe the 
observable universe, which is limited to the 
region from where light could reach us in 
less time than the age of the universe. The 
Hubble Deep Field images captured in the 
mid-1990s gave us the fi rst real insight into 
this fundamental question: myriad faint 
galaxies were revealed, and extrapolating 
from the tiny area on the sky suggested 
that the observable universe contains about 
100 billion galaxies. 

Now, an international team led by 
Christopher Conselice of the University of 
Nottingham in the UK has shown that this 
number is at least 10 times too low. The 
conclusion is based on a compilation of 
many published deep-space observations 
from Hubble and other telescopes. Conselice 
and co-workers derived the distance and 
the mass of the galaxies to deduce how the 
number of galaxies in a given mass interval 

evolves over the history of the universe. 
The team extrapolated its results to infer 
the existence of faint galaxies, which the 
current generation of telescopes cannot 
observe, and found that galaxies are less 
big and more numerous in the distant 
universe compared with local regions. Since 
less-massive galaxies are also the dimmest 
and therefore the most diffi cult to observe 
at great distances, the researchers conclude 
that the Hubble ultra-deep-fi eld observations 
are missing about 90% of all galaxies in any 
observed area in the sky. The total number 
of galaxies in the observable universe, they 

suggest, is more like two trillion.
This intriguing result must, however, be 

put in context. Critically, the galaxy count 
depends heavily on the lower limit that one 
chooses for the galaxy mass: since there are 
more low-mass than high-mass galaxies, 
any change in this value has huge effects. 
Conselice and his team took a stellar-mass 
limit of one million solar masses, which is a 
very small value corresponding to a galaxy 
1000 times smaller than the Large Magellanic 
Cloud (which is itself about 20–30 times less 
massive than the Milky Way). The authors 
explain that were they to take into account 
even smaller galaxies of 100,000 solar 
masses, the estimated total number of galaxies 
would be seven times greater.

The result also does not mean that the 
universe contains more visible matter than 
previously thought. Rather, it shows that the 
bigger galaxies we see in the local universe 
have been assembled via multiple mergers 
of smaller galaxies, which were much more 
numerous in the early, distant universe. 
While the vast majority of these small, 
faint and remote galaxies are not yet visible 
with current technology, they offer great 
opportunities for future observatories, in 
particular the James Webb Space Telescope 
(Hubble’s successor), which is planned for 
launch in 2018.

 ● Further reading 
C J Conselice 2016 ApJ 830 83.

Picture of the month

It could be a landscape on the Moon, but in fact this spectacular view 
shows the Comet 67P/Churyumov–Gerasimenko. The image was 
captured by the OSIRIS camera aboard ESA’s Rosetta spacecraft, which 
was launched on 2 March 2004 and reached the comet after more than 
10 years of interplanetary travel (CERN Courier October 2014 p17). This 
is one of the last images taken by the mission, and was recorded from a 
distance of 16 km during the spacecraft’s fi nal descent onto the comet 
on 30 September 2016. This was the date chosen by ESA to perform a 
controlled impact of the two-tonne spacecraft onto the comet’s surface. 
The highlight of the mission was the release of a small lander called 
Philae, which was sent out onto the comet on 12 November 2014. The 
lander, however, bounced on the surface and came to rest in a shadowy 
place, which prevented proper communication and illumination of its 
solar panels. Its fate was confi rmed only recently when Philae was 
fi nally spotted on its side in a dark crack, in a Rosetta image released on 
5 September.

Hubble misses 90% of distant galaxies

A region of the sky observed by Hubble 
reveals some of the most distant and faint 
galaxies visible with current technology, but 
a new study suggests that this is the tip of 
the iceberg.

N
A

S
A

, E
S

A
/H

ub
bl

e

ES
A

/R
os

et
ta

/M
P

S 
fo

r O
S

IR
IS

 T
ea

m

Advertising feature

General
Buckley Systems manufactures sophisticated 
magnets, and it is certified ISO 9001:2008 for 
the following scope: the design and 
manufacture of precision electromagnets, ion-
beam physics hardware, and high vacuum 
equipment used in the semiconductor - ion 
implant industry, laboratory research and 
particle accelerators.  Nevertheless, from the 
customer’s point of view, the manufacturing 
job is not complete until the Factory 
Acceptance Test (FAT) is successfully 
completed.  Buckley System “FATs” are 
described in the Coils, and Magnets sections.  

A Quality Control (QC) programme is in place to 
ensure that machined parts and assemblies 
meet dimensional tolerances (and other 
specified customer constraints) throughout 
the manufacturing process.  Several high-
accuracy Coordinate Measuring Machines 
(CMM) measure dimensions to 10 μm including 
a “roamer” which has “touchscan” capability 
meaning that its finger can be drawn along a 
surface rather than just touching a surface at 
several points.  Ceramic gauge blocks measure 
magnet gaps to 1 μm accuracy.

Coils
Buckley Systems achieves FATs for National 
Laboratories that are comprehensive and 
stringent.  All measurements within the 
temperature controlled test building must be 
within a set tolerance to achieve a pass.  A 
sample list of typical measurements follows:

(i) electrical resistance tests, 
(ii) inductance tests,
(iii) pressure and flow rate tests of the  
 cooling water,
(iv) insulation resistance and high electric  
 potential tests with coils immersed in  
 salted water (<1,000 Ω-m) and leakage  
 currents <50 μA, 
(v) impulse-tested for turn-to-turn integrity 

over a range of voltages with rejection 
based on frequency shifts or damping 
rates changing as a function of voltage, 
or non-conformance to customer 
supplied waveforms,

(vi) thermal-switch open/close testing as a 
function of temperature.

Magnets
Buckley Systems accommodates magnets with 
apertures ranging from 8 mm to 2000 mm, and 
has Hall probes with 3.5 m of travel at its 
disposal.  Completed magnets must also 
undergo FATs and a sampling of what these 
entail follows:

(i) the nominal mechanical resonant 
frequency orthogonal to the magnet axis,

(ii) Magnetic measurements for dipole 
magnets through a range of excitation- 
currents include for example:  
(a) integrated field homogeneity to one 
part in 104 over a “good field” range in 
the mid-plane, (b) integrated dipole field 
over length of yoke and including fringe 
field region, (c) end field maps and 
chamfer adjustments to minimize 
integrated field errors, and (d) B/I curve 
at the midpoint,

(iii) Magnetic measurements for quadrupole, 
sextupole, and octupole magnets over a 
range of excitation-currents include:  
(a) integrated field harmonics up to a 
maximum-pole (42-pole in some cases) 
at a set radius, (b) integrated field 
measurements over length of yoke and 
including fringe field region, (c) end 
chamfer adjustments to minimize 
integrated harmonic terms of the 
customer’s choice, (d) magnetic centre 
measurement to better than ±50 microns, 

(e) magnetic length, and (f) field angle,
(iv) Leak rate tests for high vacuum  

and ultra high vacuum chambers  
with the appropriate bake-out 
procedures observed.

Lastly, Buckley Systems can model particle 
trajectories through the measured magnetic 
fields and compare the magnet’s performance 
based on the measured fields to the simulated 
performance.  This has been particularly useful 
in ascertaining whether magnetic 
spectrometer systems have achieved their 
design resolution or not.

 

Factory Acceptance Testing at  
Buckley Systems

Mobile “Roamer” CMM used to confirm dimensions 
are within tolerance on a quadrupole magnet.

Magnetic Field Measurements on a Dipole Magnet.

Buckley Systems 
6 Bowden Rd, Mt Wellington,  
Auckland 1060, New Zealand 
Ph: +64 9 573 2200 
Email: info@buckleysystems.com 
Web: www.buckleysystems.com
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