
Physics instrumentation 
for medical imaging 
by D.W. Townsend, Geneva University Hospital 

From Rôntgen to 
Charpak 

The first Nobel Physics Prize, 
awarded in 1901, went to Wilhelm 
Rôntgen for his discovery of X-rays in 
1895. This, and the most recent 
physics Nobel, to Georges Charpak 
last year for his detector develop
ments, span several generations of 
applied science. 

As well as helping to launch the 
science of atomic physics, Rôntgen's 
discovery also marked the dawn of a 
medical science - radiography - using 
beams of various kinds to image 
what otherwise cannot be seen. Ever 
since, physicists and radiologists 
have worked hand in hand to im
prove imaging techniques and widen 
their medical applications. 

Ever since Rôntgen's discovery of X-
rays in 1895, a great deal of effort, 
mostly using electromagnetic radia
tion and ultrasound, has been de
voted to imaging the human body 
with the aim of identifying signs of 
disease as early as possible. 

For the radiation to image internal 
organs, it must have sufficient energy 
to penetrate body tissues, but not too 
much so that it passes through 
unabsorbed. Internal structures are 
then visualized from the resulting 
absorption patterns. 

X-rays (70-100 keV) readily distin
guish bone from surrounding soft 
tissues, with the image captured on 
film. The medical speciality of 
radiology was established to interpret 
the often subtle radiograph effects. 
However even experts sometimes 
had difficulty with an image where all 
tissues between the source and the 
film were projected onto a single 

plane. In addition, such images were 
purely anatomical and revealed little, 
if anything, of the behaviour of 
internal organs. 

During the late forties, a new 
technique made its appearance in 
which a radioactive substance was 
administered (either orally or intrave
nously), and its distribution inside the 
patient's body monitored externally 
through the emitted radiation. The 
advantage over conventional radio
graphy is the ability to target a parti
cular organ and follow its behaviour. 
This procedure has now developed 
into the speciality of nuclear medi
cine, with its own experts to interpret 
the images. 

The most widely-used radionuclide 
for nuclear medicine is an isomer of 
technetium, 9 9 m Tc, which decays with 
a half-life of 6 hours, emitting a 140 
keV photon. Sodium iodide (Nal) 
crystals are highly efficient detectors 
of these photons, and the gamma 
camera, a large sodium iodide crystal 
with photomultiplier readout invented 
by Hal Anger at Berkeley, has been 

PET scanner assembled at CERN and 
operational at Geneva's University Hospital for 
the past two years. About 200 patients have 
been scanned. 

the standard imaging device for 
nuclear medicine since the mid fifties. 

To form an image, a collimator, 
consisting of a thick lead sheet 
perforated with many thousands of 
small holes, must first be placed 
between the incident radiation and 
the crystal to eliminate obliquely-
incident photons. In theory, the holes 
allow only perpendicularly-incident 
radiation through, although in prac
tice it is impossible to prevent some 
penetration by obliquely-incident 
photons. The collimator greatly 
reduces the effective sensitivity of the 
sodium iodide crystal. In practice 
only about 0.02% of the radiation 
from the patient contributes to image 
formation. 

Like conventional radiographs, 
nuclear medicine images are projec
tions of a three-dimensional distribu
tion onto a two-dimensional plane. 

CERN Courier, April 1993 1 



The Computer-assisted Tomography (CT) 
scanner images a section of the body 
transverse to the long axis, perpendicular 
to the plane of a conventional radiograph. 
The section is typically a few millimetres thick, 
and is obtained by measuring not just a single 
projection, but many, each from a different 
direction. 

With depth information missing, 
interpretation of the images requires 
special skills, as the effect of the 
surrounding structures is often 
extremely misleading. 

This problem was dramatically 
solved in 1972 with the appearance 
of the Computer-assisted 
Tomography (CT) scanner, the 
brainchild of Godfrey Hounsfield at 
EMI, who shared the Nobel Prize for 
Physiology and Medicine with Alan 
Cormack in 1979. The CT scanner 
images a section of the body trans
verse to the long axis, perpendicular 
to the plane of a conventional radio
graph. The section is typically a few 
millimetres thick, and is obtained by 
measuring not just a single projec
tion, but many, each from a different 
direction. 

The X-ray source, collimated into a 
fan beam within the section, is 
rotated around the patient, and the 
transmitted beam captured by an 
opposing arc of high pressure xenon 
detectors. One-dimensional projec
tion profiles are reconstructed into a 
two-dimensional image of a trans
verse body section. 

Within a few years, tomographic 
methods were also applied in nuclear 
medicine. A gamma camera rotating 
around the patient takes a series of 
two-dimensional projections from 
different directions. Applying CT 
reconstruction techniques, the 
internal distribution of the radioactive 
tracer can be recovered simultane
ously for parallel two-dimensional 
transverse sections. This technique, 
called Single Photon Emission 
Computed Tomography (SPECT), is 
particularly useful for three-dimen
sional imaging of certain tracer 
distributions in the brain and heart. 

Although the most common 
radionuclide used in nuclear medi
cine is 9 9 m Tc with its 140 keV pho

tons, this is by no means the only 
possibility. Isotopes with lower 
energy photons such as 2 0 1 TI (80 
keV) and 1 7 8 Ta (55-65 keV) are useful 
for imaging the heart, 2 0 1 TI for tumour 
imaging, and 1 3 3 Xe (80 keV) for lung 
ventilation studies. With lower 
energy photons, alternative detec
tors, such as multiwire proportional 
chambers, can be used. Pressurized 
xenon wire chambers have been 
used with 1 7 8 Ta for imaging the heart 
by J. Lacy's group from Houston, 
Texas. 

L.I. Shekhtman's group in 
Novosibirsk has looked at wire 
chambers to replace film in conven
tional radiography. The advantages 
include lower X-ray doses and high 
resolution digital images with a large 
dynamic range. Since the wire 
chamber is more efficient for detect
ing charged particles, Jean 
Saudinos and Georges Charpak in 
the late seventies tried using a proton 
beam instead of X-rays. While these 
low-dose proton radiography results 
were interesting, the need for a 500-
1000 MeV proton beam limits appli
cation. 

Some radionuclides used in nuclear 
medicine emit photons with an 
energy greater than 140 keV, for 
example 1 2 3 l (160 keV), 1 3 11 (360 
keV), 5 1 Cr (323 keV) and 1 1 1 ln (250 
keV). In principle radiation energies 
from a few tens of keV up to several 
hundred keV can be used to image 
the human body. However at higher 
energies the gamma camera collima
tor must be especially thick to mini
mize penetration, thereby reducing 
efficiency and degrading spatial 
resolution. 

The highest energy radiation 
currently used for medical imaging is 
511 keV, with photons from the 
annihilation of a positron with an 
electron. During the early fifties, 
medical researchers such as E.R. 
Wrenn and co-workers, and G. 
Brownell and W.M. Sweet in Boston 
realised that neutron-deficient iso
topes emitting positrons instead of 
single photons offer some particularly 
interesting possibilities. 

The annihilation of a positron with 
an electron produces two 511 keV 
photons emitted back-to-back, and 
detecting these coincident photons 
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ADVERTISEMENT 

Low-cost tracking converters feature 
extended output to 6kV 

With a power rating of 3W, Brandenburg's 
568 DC converters are low-cost, fully isolated 
modules providing outputs to 6kV, Being tracking 
converters, these modules are adjustable between 
30 and 100% of full output simply by altenng the 

supply between 4 and 15V. 
Nine models cover full range outputs from 

300V to 6kV. A feature of this tracking design is 
that output is floating and easily tied for negative 
or positive polarity. Combined with an input-to-
output isolation of 3.5kV, this makes the 568 
suitable for a very wide range of applications from 
photomultipliers, Penning gauges, radiation 
counters etc. 

Output npple is low, at 0.01% to 0.5%, and 
load regulation varies from +10% no load to -10% 
at full load. Dimensions and weight are 64 by 38 
by 22 and 87g respectively. 

High performance 1.7kV converters 
feature less than 0.02% ripple 

Designed for photomultipliers and low-noise 
applications, Brandenberg 3479 high-voltage DC 
converters feature very low ripple combined with 
excellent temperature stability and small size. 

Measuring only 95 by 49 by 24mm, the 3479 
provides an output of 50 to 1700 volts at ImA 
with typically 30mV of ripple and noise over a 
100kHz bandwidth. Short term drift is less than 
I5ppm per 15 minutes while temperature 
coefficient is 20ppm/°C. Output is user 
programmable via a 0 to 10V analogue signal. 

There are 30 different output current/voltage 
modules in this range, with 12V and 24V input. 

C ASTEC HIGH VOLTAGE 
5I Mfinfl 3M9N _ There are also positive or negative output polanty 

types, PCB mounting or fly-lead options. 
All weigh just 200g. 

HV lab source now 
offers RS232 

Intended primarily for precision research and 
development work, Brandenburg Alpha III bench 
power supplies provide up to 30kV at 1.5mA with 
very low ripple and a drift figure of less than 
20ppm over 15 minutes. 

Three models in the range - all now available 
ex-stock - are the 3507 supplying 0 to 5kV at 
10mA, the 3707 for 0 to !5kV at 3mA and the 
3807 for 0 to 30kV output. Maximum ripple 
figures for the three are 0.5V, 1.5V and 3V 
respectively. Load regulation is 0.002% or less 
while line regulation is less than 0.001%. 

Positive or negative outputs are selectable, as 
are two operating modes providing eitherconstant 
voltage or constant current An optional interface 
allows computer control via an RS232 interface. 

An over current trip is provided in voltage 
mode. Local/or remote switch control is provided 
via a 0-I0V analogue signal. A remote on off 
TTL signal is available. 

Compact 5W 
converters supply 
up to lOkV 

MOO& 58DJPR̂_ 

Both 12 and 24V versions of Brandenburg's 
590 series low-profile DC-to-DC converters 
provide up to lOkV at 5W yet measure only 
19mm high. Fully regulated, these modules feature 
a ripple figure of less than 4V pk-pkand incorporate 
flashover and short-circuit protection. 

Normally, output voltage is set by an internal 
potentiometer but is optionally programmable 
between 0 and I OkV via a 0 to 10V analogue 
signal. Both positive and negative output versions 
feature a temperature coefficient of typically 
I50ppm/°C 

Compact, efficient and feedback regulated, 
590 series modules have a 95 by 49 by 19mm 
footprint - including RFI screening. Weight is just 
150g and having flying leads, they are suitable for 
PCB or chassis mounting. 

b r a n d e n b u r g 

A Division of Astec Europe Limited 
High Street, Wollaston, Stourbridge, West Midlands DY8 4PG 
Telephone: 0384 393737 Fax: 0384 373511 

<xxxx> 

ASTEC 

For information on the products above or for a copy of the catalogue, please circle the number on the enquiry card. 
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Get set! 
With high precision from 7mbar up to 414 ba 

ALFA supplies AGCO pilot-operated safety re
lief valves for all pressure relief applications. 

Their main features are 

• high discharge capacity 
• insensitivity to back pressure 
• t ight shut-off a t up to 100 % of set pressur 
• adjustable b lowdown (difference be

t w e e n set and reseat pressures). 

f a t up to 100 % of set pressure 
lowdown (difference he
ld reseat pressures). 
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LABORATORY HV SUPPLIES... 
to 60 kV and 45 W 
High performance and low cost DC 
high voltage are now available for the 
lab bench with the EL Series of tightly 
regulated, low ripple, and highly sta
ble power supplies. Voltage ranges 
are 0 to 3 kV through 0 to 60 kV. Oper
ating features include low stored 
energy for safety and an automatic 
crossover from constant-voltage to 
constant-current regulation for protec
tion from overloads, arcs, and shorts. 
Glassman High Voltage 

I nil] CZD m I 

100 W POWER SUPPLY TO 60 kV 
3.5 in. and only 13 lbs. 
The EH Series offer 100 W high volt
age power supplies of superior qual
ity in a compact and low weight 
package and at an affordable price. 
Rack panel height is only 3.5 inches 
and weight 13 lbs. Standard features 
include local and remote control and 
monitoring, tight regulation, low rip
ple, and fast response. Voltage ranges 
are 0 to 1 kV through 0 to 60 kV. Posi
tive, negative, or reversible polarity 
models are available. 
Glassman High Voltage 

The 15 W Series MJ, with outputs from 0 to 3 kV through 0 to 
30 kV, and the 75 W Series MK, 0 to 1 kV through 0 to 60 kV, 
both provide premium regulated and low-ripple power supply 
performance in a line-operated, compact, and lightweight 
package. Air insulation allows for easy serviceability, in con
trast to wasteful ''throw-away" modules. 

• Constant voltage/constant current operation 
• Low stored energy for safety 
• Local and remote control 
• Remote TTL enable/disable 
• External interlock terminals 
• Available with positive or negative polarity 

Call for full information on the MJ and MK Series, or other 
Glassman supplies, 1 kV to 500 kV, 15 W to 15 kW. 

Innovations in high voltage power supply technology • • 

G L A S S M A N H I G H V O L T A G E I N C . M 
Glassman High Voltage, PO Box 551, Whitehouse Station, NJ 08889, • • 
telephone (908) 534-9007. Also Glassman Europe, in the UK call (0256) 810808 
and in Asia, Glassman Japan (044) 877-4546. 

2 kW HV SUPPLIES TO 125 kV. 
only 8.75 in. and 47 lbs. 

No longer does the combination of 
high DC voltage and high power 
mean a big, clumsy supply. The new 
LT Series from Glassman provides up 
to 2 kW of power with voltage ranges, 
depending on the model, from 0 to 1 
kV through 0 to 125 kV in only a 8.75 
inch high rack panel. Weight is less 
than 47 pounds. Line voltage is 
220/240 V single-phase. 

Voltage regulation is better than 
0.005% for both load and line varia
tions. Ripple is less than 0.03%. 
Automatic crossover from constant-
voltage to constant-current regulation 
protects both the supply and load 
against shorts, arcs, or overloads. 
Current regulation is 0.05% from 
short circuit to rated voltage. The LT 
Series can be ordered with an 
optional current "tr ip" circuit that can 
be switch-selected to provide either 
current limiting or trip operation in the 
event of an overload. 

All LT Series supplies feature full 
remote control capabilities including 
voltage/current program and monitor
ing terminals, TTL high voltage 
enable/disable, safety interlock termi
nals, and a +10 V reference source. 
Positive, negative, or reversible polar
ity models are available. Choice of 
dual analog or digital meters or a 
blank panel. 
Glassman High Voltage 
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HV TO 75 kV AND 1000 W 
Rack panel height only 5.25 in. 
The WX Series of 1000 W regulated 
power supplies are available with DC 
outputs from 0 to 1 kV through 0 to 75 
kV. Rack panel height is only 5.25 
inches and weight less than 30 lbs. 
The Series WX is offered with a 
choice of dual analog voltage and 
current meters, dual digital meters, or 
with a blank panel for OEM/system 
applications. Positive, negative, or re
versible polarity models are available. 
Glassman High Voltage 
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In Positron Emission Tomography (PET), the 
annihilation of a positron with an electron 
produces two 511 keV photons back-to-back, 
and detecting them measures the direction of 
the event immediately. 

measures the direction of the event 
immediately, without the need for a 
collimator (which at 511 keV would 
have to be impracticably thick). With 
no collimator, photons at all angles 
can be accepted, increasing the 
sensitivity compared to SPECT by a 
factor of 20 or more. 

Only hydrogen among the principal 
elements of life does not offer a 
convenient positron-emitting isotope. 
In fact, for medical imaging the only 
useful isotopes of oxygen, nitrogen 
and carbon provided by nature are 
positron emitters with short half-lives 
- 2, 10 and 20 minutes respectively. 

Despite these obvious advantages, 
it was almost thirty years before the 
first commercial scanner became 
available for positron emission 
tomography (PET), built by EG & G 
ORTEC in the USA and based on 
work by Mike Phelps and Ed 
Hoffman at UCLA and Michael Ter-
Pogossian at St. Louis. The reasons 
were essentially technological - the 
problems with using Nal crystals to 
detect 511 keV photons, the difficulty 
of recovering the underlying tracer 
distribution from the annihilation data, 
and the need for a nearby cyclotron 
to produce the short-lived isotopes. 
In the forty years since the concept of 
PET was first proposed, the first two 
difficulties have been largely over
come, while cyclotron proximity 
remains a constraint. 

During the seventies and early 
eighties, the advantages of positron-
emitting isotopes stimulated research 
into detectors optimized for 511 keV 
photons. Once again, multiwire 
proportional chambers played a role 
by offering large area detectors with 
high spatial resolution at low cost, 
with pioneering work by Victor Perez-
Mendez in Berkeley. 

The problem is to make the detec
tors sensitive to 511 keV photons, 

and to localize incident photons to 
within one or two millimetres. Pro
posed solutions for the necessary 
high density proportional chambers 
included increased gas pressure in 
the chamber, and the insertion of 
convertors constructed from multiple 
lead sheets (E. Bateman at the UK 
Rutherford Laboratory), perforated 
thick lead stacks (A. Jeavons at 
CERN) or fused lead-glass tubes 
(A. Del Guerra in Pisa). While good 
spatial resolution was achieved, 
adequate sensitivity was not, and 
multiwire chambers were only a 

modest success for clinical PET 
imaging. 

The widely-used sodium iodide 
crystal is far from being the ideal high 
energy radiation detector. Early 
attempts to develop a crystal-based 
PET scanner centred around two 
geometries: a circular hexagonal 
configuration of small sodium iodide 
crystals proposed by Lars Eriksson 
in Stockholm and Michael Ter-
Pogossian and colleagues at St. 
Louis, and a pair of uncollimated 
gamma cameras operated in coinci
dence, by Gerd Muehllehner and co-
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Since the wire chamber is more efficient for 
detecting charged particles, Jean Saudinos 
and Georges Charpak in the late seventies 
pioneered radiography using a proton beam 
instead of X-rays. Here the results ('Simple') 
are compared with a CT scan of the time. 

workers at Searle Radiographics in 
Chicago. Then, in the late seventies, 
the first PET scanner using bismuth 
germanate (BGO) crystals was 
developed by Chris Thompson and 
colleagues at the Montreal 
Neurogical Institute in Canada, and 
since then almost all commercial 
PET scanners have been based on 
multi-ring BGO configurations, built 
by CTI Inc in Knoxville, Tennessee 
and the former Scanditronix Co. (now 
GE) in Uppsala, Sweden. 

BGO has better stopping power, 
although poorer energy resolution, 
than Nal. Alternative crystals, such 
as the fast scintillators BaF 2 and CsF, 
suggested by R. Allemand and 
colleagues from LETI in Grenoble, 
and Michael Ter-Pogossian in St. 
Louis, are interesting because they 
can measure the time difference 
between the arrival of two photons, 
although they are intrinsically less 
efficient than BGO for stopping 511 
keV radiation. The search for the 
ideal detector material - fast, large 
nuclei (high Z), good light output -
has been led by Steve Derenzo from 
Berkeley for the past few years, and 
recent candidates include cerium 
fluoride, lead carbonate and lutetium 
orthosilicate. 

Liquid scintillators have also been 
suggested. An idea which emerged 
in the late 80s gave new life to the 
possibility of using multiwire cham
bers for PET. Recognizing that fast, 
high Z crystals offer the best effi
ciency, Charpak at CERN and 
Bateman at the Rutherford Labora
tory have investigated a hybrid 
configuration of BaF 2 crystals inside 
a wire chamber, aiming for both good 
efficiency and high spatial resolution, 
at reasonable cost and complexity. 

In the past few years, positron 
tomography has become an impor
tant research and diagnostic tool. 
Despite the cost and complexity of 

the accompanying technology, PET's 
potential is considerable, not only in 
medical research, but also for more 
routine applications. The ability to 
measure both blood flow and me
tabolism of internal organs, to label 
the brain's chemical mediators, to 
follow cancer drugs, to localize 
tumours and to pinpoint epileptic foci 
in the brain, are just some of the 
applications that drive efforts to 
reduce the cost and simplify the 
technology. 

A lower-cost, BGO-based PET 

scanner, designed in collaboration 
with Siemens/CTI and assembled at 
CERN by Martin Wensveen (with 
financial support from the Swiss 
Commission for the Encouragement 
of Scientific Research - CERS - in 
Berne), has been operational at the 
Cantonal Hospital in Geneva for the 
past two years. Hopefully this 
development will open up clinical 
PET studies to a wider medical 
community. 

A few groups have been using PET 
to study normal brain behaviour. 
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More valves. 
Better design. 
First-class tech support. 
Whether you need butterfly or 
gate valves. Pneumatic or 
manual. Bakeable or elastomer-
sealed. Right-angle, in-line or straight-through -
Huntington is the place . . . 

Broader selection and better designs. Like their unique 
conical seats, for tighter seals. Or their patented butterfly 
floating shaft, for perfect flapper centering. Or their solid 
construction, with less welding for better integrity . . . 

And when you call Huntington, you get intelligent 

answers. Because their engineers know valves. 
And how to solve vacuum problems. 

Plus, they've got a lot more than valves . . 

It's all in the free catalog. 
Everything. From positioners to 

connectors to full custom chambers. To get 
the catalog, just call: Huntington Laboratories 
1040 L'Avenida, Mountain View, CA 94043. 
(800) 227-8059 or (415) 964-3323. 

H u n t i n g t o n 
Better-Built Vacuum Components 

iliilillii Ililliliy g i n •, 

"WHEN I 
WANT TO TALK 
VACUUM 



Imaging the utilization of glucose in the brain 
by the BGO-based PET scanner at Geneva 
University Hospital. 

Understanding the functioning - and 
malfunctioning - of the human brain 
remains one of the greatest chal
lenges facing mankind. Subtle 
changes in blood flow can be de
tected by PET and related to areas 
which respond to particular stimuli. 
Centres for language, vision, motion, 
colour, memory and even pain have 
been identified at a number of cen
tres, including Richard Frackowiak 
and his group at the MRC Cyclotron 
Unit in London, and Marcus Raichle 
and colleagues at St Louis in the US. 
Such maps were previously possible 
only in animals, using invasive 
techniques. 

Prior to using a new radioactive 
tracer in humans, it has often been 
necessary to validate its behaviour in 
animals and develop an appropriate 
biological model. The usual proce
dure is autoradiography, where the 
tracer is injected and then, at the 
appropriate moment, the animal is 
sacrificed, frozen and sectioned. 
Each section is then placed on 
photographic film and exposed, often 
for many days. This gives a high 

resolution image of the tracer. 
biodistribution, but the process must 
be repeated (with a different animal) 
to follow the complete biological 
process. 

Gaseous detectors have recently 
made a significant impact on the 
autoradiographic technique. Two 
devices, a wire-chamber-based 
system developed by Alan Jeavons, 
now at Oxford Positron Systems in 
Oxford, and an avalanche chamber 
with optical readout developed by 
Georges Charpak in Geneva are able 
to produce good quality, digitized 
images in hours rather than days or 
weeks. Such devices are also used 
successfully for imaging DNA se
quences and electrophoresis plates. 

Recent PET technological progress 
is also having an impact on conven
tional autoradiography. Two groups, 
one under Terry Jones at the Medical 
Research Council's Cyclotron Unit in 
London and a second at Brussels' 
Free University led by Stefan 
Tavernier are developing small-scale 
animal scanners, based respectively 
on a small ring of BGO crystals, and 

a pair of hybrid BaF2-wire chamber 
detectors. Their success in achiev
ing high spatial resolution will enable 
the biodistribution of new tracers to 
be followed in a small animal, which 
then lives to tell the tale. PET ap
plied to humans has been termed in 
vivo autoradiography, and hopefully 
this can be 'extended' to animals with 
these new detector developments. 

Photon energies around 80-100 
keV are used for radiological (X-ray) 
imaging, whereas for radioisotope 
imaging somewhat higher energies 
are usual (140-200 keV), the annihi
lation radiation of PET setting an 
upper limit at 511 keV. Below a few 
tens of keV, approaching the region 
of visible light, the human body 
becomes increasingly opaque, 
(which is at the root of the whole 
problem!). 

Infrared and microwaves can 
penetrate a small distance into 
human tissue, and infrared imaging 
of low density structures such as the 
breast are current research areas. 
Somewhat surprisingly, another 
window then opens, magnetic reso
nance (MR), using very low energy, 
non-ionizing radiation of 1 0 1 0 keV. 
Since the early eighties, this tech
nique has made a tremendous 
impact, after early developments by 
Paul Lauterbur at Stony Brook, Peter 
Mansfield in Nottingham, England, 
and others. 

An external magnetic field initially 
orients the spins of hydrogen nuclei 
within a body section. Then 
radiowaves are used to manipulate 
these spins, and the radiofrequencies 
emitted as the nuclei return to their 
original state can be captured by an 
antenna close to the patient. Addi
tional magnetic field gradients are 
used to recover the spatial distribu
tion of hydrogen (water) within the 
body section. 
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Hamamatsu's Green-Extended P 
SCIFI calorimeters and wavelength shifters 
address SCIFI needs current and future. 
Our experience, quality and name in high-
energy applications are reflected far and wide. 
Over five million Hamamatsu PMTs have been 
specified worldwide for a variety of applica
tions. For more information on Green-Extended 
PMTs, just contact Hamamatsu Photonics 
at the office nearest you. 

H A M A M A T S U 
HAMAMATSU PHOTONICS KK., Electron Tube Center 
314-5, Shimokanzo, Toyooka-viliage, Iwata-gun, Shizuoka-ken, 438-01 Japan. 
TEL: 81-539-62-5248 FAX: 81-539-62-2205 TLX: 4289-625 

U.S.A.: Hamamatsu Corporation. T E L : 1 - 9 0 8 - 2 3 1 - 0 9 6 0 F A X : 1 - 9 0 8 - 2 3 1 - 1 2 1 8 
Germany: Hamamatsu Photonics Deutschland GmbH, T E L : 4 9 - 8 1 5 2 - 3 7 5 0 F A X : 4 9 - 8 i 5 2 - 2 6 5 8 
France: Hamamatsu Photonics France S.A.R.L. T E L : 3 3 - ( i ) 4 9 7 5 5 6 8 0 F A X : 3 3 - ( i ) 4 9 7 5 5 6 8 7 
United Kingdom: Hamamatsu Photonics UK Limited, tel. 4 4 - 8 1 - 3 6 7 - 3 5 6 0 F A X : 4 4 - 8 1 - 3 6 7 - 6 3 8 4 

North Europe: Hamamatsu Photonics Norden AB. T E L : 4 6 - 8 - 5 9 0 3 2 1 9 0 F A X : 4 6 - 8 - 5 9 0 9 4 5 6 7 
Italy: Hamamatsu Photonics Italia S.R.L. T E L : 3 9 - ( 0 2 ) 9 3 5 81 7 3 3 F A X : 3 9 - ( 0 2 ) 9 3 5 8 1 7 4 1 
Spain: Hamamatsu Photonics Espana S.L. T E L : 3 4 - 3 6 9 9 6 5 5 3 F A X : 3 4 - 3 5 8 8 19 6 6 
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H A M A M A T S U 

For futuristic SCIFI calorimeters, 
HamamaHu's Green-Extended 

PMTs are the key. 

% 5 MLPPLSLTS IN SERVICE. JÊÊÊÊ 
Ham^ÉÉitsufs Green-Extended PMTs for' 4 

SCIFI calorimeters and wavelength shifters 
address SCIFI needs current and future. 
Our experience, quality and name in high-
energy applications are reflected far and wide. 
Over five million Hamamatsu PMTs have been 
specified worldwide for a variety of applica
tions. For more information on Green-Extended 
m i T ^ • 4- 4, TT -i- T*t~ 



Powered Crates 
Further to al l our CERN approved CERN-Spec Crates 

N I M - , CAMAC- , FAST BUS-, VMEbus 422/430 
Wes-Crates supplies other Crates based on our Systems 

Some of this Crates are shown here: 

VMEbus-Crates 
6u height, 7 slot with cooling. 
Insert modules for disk/ 
drive. Backplane: J l , J2 
(like Spec V-422) orJ1,J2 
and JAUX (like Spec V-430) 
Contrl./monitoring like 
SpecV-425. Interchangeable 
system to our CERN-Spec 
power supplies for CERN-
Spec Crates V-422 / v-430 

4™"' " ^ Î Ï Ï I F T T O f n T I f T C i 

* l i f l f t l M H t l U W I 

VMEbus-Crates 
14u height, 21 slot for VME 
modules 366,7 mm height, 
220 mm depth. 
Air intake from the front, out 
on the back. High volume 
fan cooling. Backplane: J l , 
J2, ("JO" custom) or J l , J2, 
JAUX, ("JO" custom). 
Contrl./monitoring like 
Spec-425. Interchangeable 
system to our CERN-Spec. 
power supplies for CERN-
Spec Crates V-422/V-430. 

NEW - NEW - NEW -
VXIbus-Crates 
Size C and D, using the 
same design standards as 
our other crates and power 
supplies. 

VMEbus-Crates 
l l u height, 21 slot for VME 
modules 366,7 mm height, 
340/400/460 mm depth. 
Backplane: J l , J2, ("JO" 
custom) o r J l , J 2 , JAUX, 
("JO" custom). Fan unit with 
contrl./monitoring like 
CERN Spec V-425 or with 
IEC-488. Interchangeable 
system to our CERN-Spec 
power supplies system for 
FAST BUS-, and VMEbus 
Crates. 
The picture shows this crate 
for VMEbus FADC-Crate for 
DESY, H I . 

Custom Crates and 
Power Supplies 
WES-Crates is flexible 
because of our modular 
systems for crates and 
power supplies. 

LJE5-Crates 
Telefon 0 4 6 1 / 7 7 4 1 77 
Telefax 0461 / 7 7 4 1 41 
International +49461 / 

W e s - C r a t e s G m b H 
Pattburger Bogen 33 
D-2398 Harr is lee/Flensburg 
Germany 

Your contact in Geneva: HiTech Systems Sa, Avenue Wendt 16, 
1203 Geneva, Tel.: 022/ 344 7788, Fax: 022 /345 65 51 

Your contact at PS! and ETH Zurich: Dipl.-lng. Kramert AG, 
Villigersfr. 370, CH-5236 RemigenJeL 056/441555, Fax: 445055 

Siège Social et Usine: Sainte-Marie-de-Frugie, 
24450 LA COQUILLE r -

Téléphone: 33/53 52 88 93 J 
Télécopieur: 33/53 52 04 83 # LLlLQDCL Télécopieur: 33/53 52 04 83 TTCLÊtCQ 

C o n t r ô l e non D e s t r u c t i f 
D E F A U T S A R T I F I C I E L S 

Réalisation à façon de défauts artificiels par 

- Usinages conventionnels 

- Electro-érosion 

- Ultrasons 

- Laser 

- Soudure par diffusion moléculaire 

Autres réalisations 

- I.Q.I. hexagonaux - à gradins - à fils 

- Etalons de corrosion 

- Eprouvettes de ressuage 

- Stenopes 

- Usinage par électro-érosion de cavités internes 

Toutes prestations de services relevant 

de ces techniques 

Fabrication de machines spécifiques pour 

- Micro-usinages par électro-érosion 

- Fabrication de défauts articificiels 
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« M o n 
T h y r i s t o r p o w e r r e g u l a t o r 
for wall or rail fitting 
dimensions 110 x 195 x 152 mm 

• continuous control 

• for ohmic and 
inductive loads 

• phase section or 
pulse group operation 

• part-load and fuse 
failure display via LED 
and relay contact 

• soft start and current 
limitation in phase 
section mode 

• ignition pulse lock 

• load currents: 25, 50 and 63 A 
load voltages: 115, 230 or 400 V 

• U2-regulation 
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MeB-undRegeltechnikAG.Seestr. 67.CH-8712 Stafa 

^ Telefon 01/9 282141 • Telefax 01 / 9 26 67 65 j 
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Around the Laboratories 

Resonance ensures that sufficient 
nuclei emit together (in phase) for the 
signal to be detectable, even though 
the energy of each individual photon 
is only 10~7 eV. For hydrogen at least, 
the nuclear density is enough (about 
10 2 3 per cubic centimetre) for a 
detectable signal to be obtained from 
a small volume. Additional informa
tion on the chemical state of body 
tissues is given by the decay charac
teristics of the nuclear resonance 
signal. 

These high quality images, obtained 
without ionizing radiation, ensure an 
important role for magnetic reso
nance in clinical medical imaging. In 
research, recent applications by Jack 
Belliveau and colleagues at Massa
chusetts General Hospital and 
Harvard University of sequences for 
rapid repetitive manipulation of nuclei 
within a brain section has extended 
MR to activation studies, once an 
exclusive PET domain. For activa
tion work, as with other studies, MR 
offers both better temporal and 
spatial resolution than PET. 

With these techniques, it is now 
possible, for example, to monitor 
directly the changes in a volunteer's 
brain when subjected to different 
visual stimuli. Applied science has 
come a long way since Rôntgen first 
X-rayed his hand in 1895. 

At their annual January strategy meeting in 
Chamonix in the French Alps, CERN's LEP 
electron-positron collider team review the 
previous year's running and plan for the 
coming year. 

CERN 
LEP in the Alps 

In January, when CERN's LEP 
electron-positron collider is enjoying 
a well-earned break, it has now 
become traditional for the hard-
pressed LEP team to have no re
spite. Instead they pack their bags and 
depart for Chamonix in the nearby 
French Alps to review the past year's 
experience and plan for the future. 

In the cold January 1993 light of 
Chamonix, 1992 (January/February, 
page 4) was deemed to have been a 
good year for LEP operations, with 
the switch to 90° betatron phase 
operation having paid off. The 65% 
improvement in integrated luminosity 
over 1991 was attributed to longer 
beam lifetimes, faster filling and 
improved overall efficiency. The 
commissioning of the eight-bunch 
'pretzel' scheme was facilitated with 
the new optics, and break-even 
quickly achieved, so that physics 

could benefit from more bunches in 
the machine. 

During 1992, the injection chain 
was fully tested with eight bunches, 
and when this comes into routine 
operation this year, the pretzel 
scheme will benefit. Pretzel running 
also opens the possibility of still 
higher luminosity, up to 2x10 3 1 per sq 
cm per s, doubling the present level. 

However the finishing touches to 
high luminosity running are still more 
an art ('haute cuisine') than a sci
ence. Continuing studies of the inter-
correlation of different LEP conditions 
will help make this more systematic. 

The main factors affecting perfor
mance at 45 GeV are transverse 
mode coupling instabilities. The 
present working point gives good 
results, but there are still potentially 
interesting regions which need to be 
checked out. 

Beam lifetime and background are 
both limited by beam size and aper
ture. Background was reduced by 
improved focusing, while beam size 
is dominated by beam-beam effects. 
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