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

Earlier this year, astronomers discovered 
what appeared to be a pair of supermassive 
black holes (SMBHs) circling towards a 
collision, which would send out a burst of 
gravitational waves. A new study of the 
periodic signal from the quasar PG 1302-102 
seems to confi rm this interpretation by 
showing that it could naturally arise due to 
relativistic Doppler boosting. 

Black-hole binaries are expected to be 
common in large elliptical galaxies, because 
they most likely form by the merger of spiral 
galaxies, each hosting a central SMBH. A 
way to fi nd binary systems in quasars is to 
search for a period signal repeating over 
several years. This is quite challenging, 
owing to the erratic variability of these 
distant active galactic nuclei. Until recently, 
only one rather peculiar object, called OJ287, 
was clearly identifi ed as a double black-hole 
system, with a smaller black hole plunging 
twice through the extended accretion disc 
of the primary black hole along its inclined, 
eccentric 12 year-long orbit.

In January, a team led by Matthew 
Graham, a computational astronomer at 
the California Institute of Technology, 
designed an algorithm to detect sinusoidal 
intensity variations from 247,000 quasars 
monitored by optical telescopes in 
Arizona and Australia. Of the 20 pairs of 
black-hole candidates discovered, they 
focused on the most compelling bright 
quasar – PG 1302-102. They showed that 
PG 1302-102 appeared to brighten by 

14 per cent every fi ve years, suggesting the 
pair was less than a tenth of a light-year apart.

In a new study, also published in Nature, 
Daniel D’Orazio and his group at the 
Columbia University interpret the sinusoidal 
modulation as due to relativistic Doppler 
boosting. They fi nd that the signal is 
consistent with a model where most of the 
optical emission comes from a smaller black 
hole orbiting a heavier one at nearly a tenth 
of the speed of light. At that speed – via the 
relativistic Doppler beaming effect – the 
smaller black hole would appear to slightly 
brighten as it approaches the Earth and fade 
as it moves away on its orbit. They note that 
hydrodynamical simulations do, indeed, 
suggest that the smaller black hole should be 
the brightest one.

According to this new interpretation, 

the observed quasi-sinusoidal signal in the 
optical emission of the quasar should also 
be seen in the ultraviolet (UV). Analysing 
archival UV observations collected 
by NASA’s Hubble and GALEX space 
telescopes, D’Orazio and colleagues found 
the same period with a 2–3 times higher 
amplitude. The stronger signal corresponds 
precisely to the model expectations, by 
taking into account the difference of spectral 
slope measured from the optical to the UV. 

By estimating the combined and relative 
mass of the black holes in PG 1302-102, they 
narrow down the predicted time until the 
black holes coalesce to between 20,000 and 
350,000 years from now, with a best estimate 
of 100,000 years – a very long time for 
humans but not in the life of stars and black 
holes. If confi rmed by more observations 
in the years to come, this discovery and that 
of other binary black-hole candidates will 
improve the chances of witnessing a merger 
and the gravitational waves predicted, but not 
yet detected, by the theory of general relativity 
laid down by Einstein 100 years ago.

 ● Weblinks 
www.nature.com/nature/journal/v525/n7569/full/
nature15262.html
www.nature.com/nature/journal/v518/n7537/full/
nature14143.html 
www.eurekalert.org/pub_releases/2015-09/
cu-nsf090915.php
www.sciencedaily.com/
releases/2015/09/150916162123.htm

Picture of the month

Just 15 minutes after its closest approach to Pluto on 14 July 2015, NASA’s New 
Horizons spacecraft looked back towards the Sun and captured this amazing 
view of Pluto (Picture of the month, CERN Courier September 2015 p17). This 
near-sunset image offers a contrasting view between majestic mountains and 
frozen plains. The smooth expanse of the informally named Sputnik Planum 
(right) is fl anked to the west (left) by rugged, icy mountains up to 3500 metres 
high, including the informally named Norgay Montes in the foreground and 
Hillary Montes on the skyline. The backlighting highlights more than a dozen 
layers of haze in Pluto’s tenuous atmosphere, extending up to at least 100 km 
above the surface. Although the scene is only 380 km across, it displays a 
complex Earth-like view that scientists could not even dream to fi nd on this 
remote dwarf planet. (Image credit: NASA/Johns Hopkins University Applied 
Physics Laboratory/Southwest Research Institute.)

 ● Weblink 
pluto.jhuapl.edu/News-Center/News-Article.php?page=20150917

Massive black-hole pair is on fast-merger track

Artist’s conception of a pair of super-massive 
black holes, each surrounded by spiralling 
gas forming an accretion disc. (Image credit: 
P Marenfeld/NOAO/AURA/NSF.)
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CERN Courier Archive: 1972
A L O O K B A C K  T O  CERN C O U R I E R  V O L .  12,  N O V E M B E R 1972,  C O M P I L E D  B Y  P E G G I E  R I M M E R

Multiwire and multipurpose
The multiwire proportional chamber 
(MWPC), in its present form, was born in 
1968. The [single wire] proportional counter 
was around in the 1930s and its operation 
in the “proportional mode” was studied. 
Various types of multiwire chambers had 
been tried but a lack of understanding 
of the mechanisms at play limited their 
applications. In 1967 we constructed a small 
multiwire chamber using the knowledge 
we had from proportional counters, and the 
following were among the properties having 
the most consequences [on price, practicality 
and performance].

1. Considerable expenditure is needed on 
electronics, to collect and amplify a signal 
from each wire. A variety of gas mixtures 
were studied and a “magic gas” was found 
that gives a signal a hundred times higher 
than “classical” gases, easing the burden on 
the electronics. Techniques for grouping the 
circuits of several wires on the same wafer 
and specifying an integrated circuit for 
large-scale production should considerably 
reduce costs. 

2. For some uses there were constructional 
diffi culties in building large chambers. 
For example, a strong metal frame able to 
withstand the tension of hundreds of stretched 
wires would fi ll a signifi cant proportion of the 
valuable aperture of the Split Field Magnet 
(SFM) at the Intersecting Storage Rings, so 
special honeycomb sandwiches of plastic 
foam are to be used. They have great strength 
and introduce much less matter. 

3. Large MWPCs have been in action in the 
CERN–Heidelberg neutral kaon experiments 
for over a year, and the new technique allows 
several thousand events to be collected per 
Proton Synchrotron pulse [several orders 
of magnitude faster than spark chambers]. 
Another type of multiwire detector, the drift 
chamber, correlates the arrival time of a pulse 
at the wires with the position of the originating 
track. This correlation is so good that track 

coordinates can be measured with a precision 
of the order of 0.1 mm. Groups at Saclay and 
Heidelberg have put a lot of applied research 
into drift chambers, with a great role to play in 
the future.

A technique used to detect the coordinate 
parallel to the sensitive wire is not very 
interesting for high-energy physics, but 
gives the MWPC certain properties that the 
medical people consider essential to measure 
the distribution of radiation, X-rays or 
gamma rays, emitted by isotopes which have 

been fed into a human being. Active research 
on further uses is now being carried out in 
several hospitals. 

Thus important applications for MWPCs 
have been found elsewhere. Serious 
diffi culties have had to be overcome and 
perhaps are yet to be overcome. But, with 
the understanding which we have acquired 
of the phenomena underlying the behaviour 
of these chambers, we should be able to 
surmount them.

 ● Compiled from texts on pp362–364.

In the words of its Convention, CERN exists 
“for nuclear research of a pure scientifi c 
and fundamental character and in research 
essentially related thereto”. 

The applied research undertaken at 
CERN has thus been directed to problems 
related to its physics programme. These 

often generate extreme needs in both 
scientifi c and technical skills, thus 
“frontier” research tends to promote 
advances in a variety of surrounding 
disciplines. 

All knowledge emerging from the work 
of CERN is freely available for application 

elsewhere: by the direct use of a device or 
technique, by other uses of the knowledge 
unearthed, or from the increased expertise 
of industry working with CERN.

Perhaps we do not do enough to make 
known our applied-research activities. 

 ● Compiled from texts on p359.

Applied research at CERN

Compiler’s Note 
The 1972 article was written by the MWPC Nobel laureate himself, the late 
Georges Charpak: https://cds.cern.ch/record/1729418. It is an exemplary 
account of how frontier research is done and how it generates spin-off. 

Is it widely known that particle detectors and accelerators used in 
nuclear medicine were developed for high-energy physics? And what 
about some familiar widgets? In 1973, Danish engineer Bent Stumpe 
was asked to replace the buttons, switches, etc, in CERN’s Super Proton 
Synchrotron (SPS) control room by something simple (CERN Courier April 
2010 p13). Within a matter of days, Bent had produced proposals for a 
touchscreen, a tracker ball and a programmable knob. Instantly deployed 
in the Lab, these were slower to catch on in industry, but nowadays no 

self(ie)-respecting geek would be seen without a touchscreen, Stumpe tracker-ball principles drive 
our mice, and programmable knobs are everywhere, such as a “Security programmable keyless-entry 
electronic digital door-lock knob”, to quote the advertising blurb!

Perhaps CERN didn’t do enough to make known some of its applied researchers.

r E s E a r C h  a n D  i t s  D E V E L O p M E n t s

Far left: Testing a large 
chamber, as used in the 
CERN–Heidelberg 
experiments. Left: A 
prototype chamber for 
the aperture of the 
SFM. Special 
construction 
techniques achieve the 
evident lightness, but 
more importantly 
increase the useful 
detection volume. 
(Image credits: CERN.)
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