Pinpointing particles
Positron Emission Tomography
(PET)
apparatus at Geneva Cantonal
Hospital,
showing the diametrically
opposed
detectors to pick up the gamma rays
emerging from positron
annihilations.

The Conference on Position-Sen
sitive Detectors held at London's
University College f r o m 7-11 Sep
tember highlighted the importance
and the growing applications of
these precision devices in many
branches of science, underlining
once again the high spinoff poten
tial for techniques developed inside
particle physics.
One particularly fast growing
applications field is Positron Emis
sion Tomography - PET - where
position sensitive detectors are
used to pick up the characteristic
gamma rays of positron annihila
tion. PET scanners are already
being used in hospitals particularly
to find and study tumours, but
their importance in visualizing and
measuring the action of drugs is
just being realized, according t o
Terry Jones from the Medical Re
search Council's Cyclotron Unit at
the Hammersmith Hospital in Lon
don. Over 8 0 % of the drugs used
in the UK can be labelled w i t h suit
able tracers. W i t h PET it will be
possible to trace any of these
drugs to wherever they go in the
body. It should even be possible
to develop 'magic bullet' drugs
which doctors can check in ad
vance on a PET-scanner t o make
sure they will go only t o the parts
that need them, w i t h no side-ef
fects anywhere else. The confer
ence was shown some particularly
clear pictures of a living thyroid
gland, taken by using a positronemitting iodine tracer w i t h a scan
ner built by Alan Jeavons of Oxford
University.
There was a lively debate at the
conference between exponents of
the established PET techniques,
taken over from nuclear physics,
and those w h o wish t o use newer
particle physics developments.
The old guard seem t o be holding
their ground. They use very dense
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crystal scintillators which send out
a flash of light when they are hit
by a gamma ray. This light is con
verted into an electrical signal by
photomultiplier tubes. Until recently
the tubes have been large and
crude, giving a very blurred picture,
but that problem is being solved
by 'multianode' tubes being devel
oped by large electronics manufac
turers such as Hamamatsu in Japan
or Philips in Holland and in France.
Georges Charpak from CERN is
the leader of the rival faction, re
placing the photomultiplier tubes
w i t h a very precise multiwire pro
portional chamber (MWPC) using
fine high voltage sense wires
stretched through a special gas
mixture. When incoming radiation
releases a f e w electrons in the gas
they cause an 'avalanche' break
d o w n , like a tiny spark but very
localized near a wire, and this gives
a pulse of charge ten thousand
times bigger than the initial bunch
of electrons. The disadvantage of
MWPCs at present is that they
detect a smaller fraction of the
arriving gamma rays than a photo
multiplier array, so a patient would
need a larger dose of radioactive
tracer. But new scintillating crystals

are being found which match better
the light-converting gases used in
the chambers.
The newest application of PET
came f r o m the chemical engineers,
tracing particles inside a 'fluidized
bed' - like those used in recent
coal-fired power stations or in in
dustrial chemical reactors. Frag
ments of coal, for instance, move
around freely in a bed of inert ma
terial such as sand which behaves
like a liquid because the grains are
spaced out by the strong f l o w of
air through a perforated plate un
derneath. No one had ever been
able t o follow actual particles in
such a bed, but C. R. Bemrose of
Birmingham showed a video film
of computer images from a PET
scanner showing all the details of
the path of a particle deep inside
the fluidized sand, moving in loops
w i t h the f l o w of material or occa
sionally getting stuck in a corner
where the f l o w was less active.
He used a multiwire proportional
chamber scanner, built w i t h the
assistance of the Rutherford Appleton Laboratory.
High precision is more important
t o the engineers than a low dose
of radiation, so multiwire propor-
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Silicon strip detector made by Micron
Semiconductor
(UK) showing the fine wire
connections
to alternate strips. Used to
study the decay of unstable particles, it
has a strip spacing of 50 microns.

tional chambers are the natural
choice. They are also being used
t o follow the motion of oil inside
jet engines.
Astronomers want t o look at
distant objects w i t h every available
wavelength of light, not just the
visible, and they want t o k n o w
t w o things about every photon of
light they detect; where did it
come f r o m , and what was its ener
gy? For example, at the focus of
an X-ray telescope on an orbiting
satellite they need a position-sen
sitive detector connected to a
computer which can build up mul
tiple superimposed images of the
object in view, each image corre
sponding to a small range of X-ray
energies.
A relative of the multiwire pro
portional chamber - called a 'pa
rallel plate avalanche chamber' is being used for this, as reported
by John Lapington of the Mullard
Space Science Laboratory of Uni
versity College, London. Another
related device, used by particle
physicists as well as astrophysi
cists, is the 'gas scintillation pro
portional detector' (GSPD) which
picks up the light given out when
radiation is detected in a gas-filled
chamber. A GSPD can give a pre
cise image for every individual
ultra-violet photon that hits it. But
much more sensitive devices are
n o w being developed, using arrays
of tiny composite crystal detectors
at extremely low temperatures.
Damian Twerenbold of the Euro
pean Space Agency described
superconducting junctions which
send out an electrical pulse propor
tional to the energy of the X-ray
which hits t h e m , and a competing
instrument called a bolometer
which actually measures minute
changes in the temperature of crys
tals due t o the heating effects of
single X-rays.
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Everyday electronic circuits ex
ploit the movement of electrons
through crystals of silicon. But it
is possible to make very pure sili
con which can be completely 'de
pleted', w i t h all movable free elec
trons removed. Radiation frees
bound electrons from the silicon
atoms (ionizing them), giving a
detectable signal. This principle is
used in T V cameras containing
charge-coupled-devices (CCDs).
CCDs and other silicon detectors
are used by particle physicists,
especially in experiments t o mea
sure the lifetimes of unstable par
ticles containing the heavy quarks.
Such particles only travel a f e w
microns before they decay, but
that is just the scale for the pat
terns on a silicon chip.
There were a number of presen
tations of a super-CCD, a 'randomaccess pixel device' in which the
position and amount of charge of
each radiation hit will be read out
within a f e w millionths of a second,

rather than waiting many thou
sandths of a second (a very long
time in electronics) for a TV-style
scan through all the thousands of
separate sensing points. Sherwood
Parker of Berkeley reported on his
detailed design which will be laid
d o w n on silicon in the next f e w
months. If it w o r k s it will be of
interest to many more users than
just the particle physicists.
Multiwire proportional chambers
or scintillators w i t h photomultipliers are proving very useful for
neutron diffraction. The ISIS pulsed
neutron source at the Rutherford
Appleton Laboratory provides
beams and detectors for a variety
of users, including groups devel
oping the new high temperature
superconductors. Slow neutrons
do not interact directly w i t h a de
tector. They have to be captured
in an atomic nucleus, such as li
thium, which breaks up t o release
charged particles that are detected
by scintillation or ionization in the
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detector. P. L. Davidson f r o m ISIS
described a lithium-loaded glass
scintillator which sends out its sig
nals d o w n lots of separate optical
fibres t o sets of photomultipliers.
Muscle is one of the most mys
terious of biological materials, c o m 
posed of regular layers of overlap
ping fibres. A. R. Faruqi of the UK
Medical Research Council's Cam
bridge Laboratory has watched
moving muscle simultaneously w i t h
a CCD t o image the contraction,
and w i t h a multiwire chamber t o
image the changing pattern of
X-ray d o t s , showing the changes
in the molecular structure of the
fibre layers. Such modern X-ray
studies require both sophisticated
detection techniques and intense
beams of synchrotron radiation,
provided by electron storage rings.
Charpak developed his multiwire
proportional chambers into another
kind of gas-filled detector, the drift
chamber, which has proved ex
tremely useful in particle physics.
The exact position at which radi

ation interacts w i t h the gas deter
mines h o w long it takes for the
electrons t o drift through a uniform
electrical field before arriving at
the fine wire where they are de
tected. Fabio Sauli from CERN told
the conference about drift cham
bers being developed for the large
electron-positron (LEP) machine
which will run at CERN in 1989.
In some of them the electrons drift
t w o metres before they reach the
wire. This allows a very large de
tection volume t o be covered by
a relatively small (and affordable)
number of channels of electronics.
He also showed pictures of his
o w n compact drift chamber where
the track of an ionizing particle can
be localized to about t w e n t y mi
crons, comparable with the preci
sion of many silicon detectors.
The drift idea has n o w been
picked up by scientists building
both silicon detectors and detec
tors filled with liquids. In every
application it gives improved posi
tion resolution and a considerable

reduction in the amount of elec
tronics required. A s well as the
particle physics possibilities, the
conference heard from
H. J . P. Kuykens of Delft h o w a
silicon drift chamber might be used
t o improve the resolution of PET
scanners. Liquid drift chambers
have good position resolution over
a large volume, w i t h a much denser
detecting medium than a gas. This
is important in detecting neutrinos,
which need tons of detector t o
give a reasonable signal. Liquids
also suffer less degradation from
intense radiation so they can be
used instead of other high-density
detectors close t o the beam-pipe
of an accelerator or storage ring.
G. Giorginis and J . Engler f r o m
Karlsruhe reported successful ex
periments on drifting electrons in
a cold liquid (liquid argon) or in
room temperature organic liquids.
Of the 2 7 5 scientists attending
the meeting, about 4 0 per cent
were particle physicists, although
about 9 0 per cent of the detectors
discussed were developed origi
nally for particle and nuclear phys
ics experiments.
By David J.

Miller

The compact drift chamber (its size can be
judged by the large centimetre squares on
the graph paper) developed by Fabio Sauli
and his group at CERN. With more than
60 sense wires, this detector
attains
twenty-micron
precision, comparable
to
solid state
detectors.
(Photo CERN
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