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New Stanford collider starts at Z 

Schematic of the SLC Stanford Linear Collid­
er. Beams of electrons and positrons accel­
erated in the main two-mile linac are sepa­
rated into two arcs, bringing the beams 
round to the final collision point. 

On 11 April the new SLC Stanford 
Linear Collider created its first Z 
particle, inaugurating high energy 
physics research at this novel ma­
chine based on the two-mile linac 
at the Stanford Linear Accelerator 
Centre, SLAC. 

The much-awaited event was 
identified early the next day (during 
offline analysis of the data) by Bar­
rett Milliken of the California Insti­
tute of Technology - a member of 
the collaboration operating the 
1800-ton Mark II detector at the 
SLC interaction point. By noon 
word of the find had spread around 
the globe, and electronic mail mes­
sages were pouring into the offices 
of SLAC Director Burton Richter, in­
cluding one from CERN Director 
General Carlo Rubbia. 'Congratula­
t i ons / it read, 'And welcome to 
the club.' 

(The Z, the electrically neutral 
carrier of the weak nuclear force, 
was discovered at CERN in 1983, 
leading to the award of the Nobel 
Physics Prize the fol lowing year to 
Carlo Rubbia and Simon van der 
Meer. Several hundred Zs have 
now been accumulated by the ex­
periments at the big proton-anti-
proton colliders at CERN and at 
Fermilab. Stanford's Zs are the first 
to be found in electron-positron an­
nihilations.) 

Over the fol lowing weekend the 
SLC produced another four Z parti­
cles. In the first four events the Z 
gave a pair of narrow, back-to-
back jets of hadrons, the character­
istic fingerprint of a pair of quarks. 
This is the first t ime such decays 
have been seen unambiguously. In 
the fifth (colour photo, page 2), 
one of the two quarks also emitted 
a gluon, producing a three-jet pat­
tern. 

Produced in collisions of point­
like electrons and positrons at an 
energy close to the Z mass (near 

92 GeV), these Zs are very clean. 
To find Zs in the mass of particles 
produced in their proton-antfproton 
collisions, experimenters at CERN 
and Fermilab usually have to look 
for decays into pairs of electrons 
or muons. 

The commissioning of the SLC 
started t w o years ago with high 
hopes of producing Zs by the end 
of 1987. But a series of technical 
problems (October 1987 page 23 , 
and December 1988 page 12) de­
layed the onset of high energy phy­
sics research. 

Wi th the production of Z parti­
cles now routine, physics has 
clearly begun. The Mark II collabo­
ration, including physicists f rom 
Caltech, Johns Hopkins, Berkeley, 
SLAC, and the Universities of Colo­
rado, Hawaii, Indiana, Michigan and 
California (Santa Cruz), now has its 
first shot at studying hadronic de­
cays. 

During the initial week, the SLC 
proved capable of producing one 
or two Zs per day with its electron 
and positron beams operating at 
30 pulses per second and about 
1 0 1 0 particles per pulse. Bunch 
sizes at the clashpoint have rou­
tinely measured 4 microns by 4 mi­
crons, wi th three-micron spots be­
ing attained occasionally. The prin­
cipal improvement since last year 
has come in the stability and relia­
bility of the SLC; the Mark II detec­
tor has frequently been able to log 
data for more than 30 percent of 
the time - a factor of 10 improve­
ment over last summer. 

SLC architect Richter was 
pleased but cautioned physicists 
working on the machine that 'many 
months of hard work lie ahead be­
fore we can bring this f irst-of-its-
kind accelerator to its design per­
formance.' A few Zs are enough to 
demonstrate that linear colliders 
work in principle, but dozens a day 

are needed if the SLC is to make 
important contributions to physics. 

The long process of upgrading 
the machine's performance began 
in Apri l . The first of many addition­
al improvements went in - a series 
of four high-power collimators in­
stalled in the last sector of the li­
nac. These are used to trim off any 
wayward tails of the electron and 
positron bunches before injection 
into the arcs. Stray particles in 
these tails have been clipping other 
collimators in the SLC final focus, 
sending streams of troublesome 
penetrating muons into the Mark II 
detector. Wi th the new collimators 
these muon backgrounds are 
markedly lower, wi th consequent 
benefits for Mark II. 

Over the last weekend in Apri l , 
the SLC showed the positive ef-
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End-on view of the decay of one of the first 
Z particles seen by the Mark II detector in el­
ectron-positron annihilations at the new SLC 
Stanford Linear Collider. The decay is domi­
nated by two back-to-back sprays ('jets') of 
strongly interacting particles (hadrons). 'Hits' 
in the central drift chamber are shown in 
pink while those in the outer barrel of the el­
ectromagnetic calorimeter are in yellow. The 

Naturally, emphasis at the Particle 
Accelerator Conference in Chicago 
in March was on work in the US, 
just as the newly instituted Euro­
pean Particle Accelerator Confer­
ence places emphasis on work in 
the 'old continent' (September 
1988, page 7). All will come to­
gether at the international confer­
ence in Japan in August. 

The proposed US Superconduct­
ing Supercollider (SSC) was high­
lighted in the opening talk at Chica-

blue-and-maroon sandwiches are hits in the 
time-of-flight scintillation counters just inside 
the barrel. Red reconstructed tracks are 
identified as charged hadrons, and green as 
electrons or positrons. The two blue tracks 
are probably pions that punched through the 
calorimeter, rather than muons. The particle 
identifications are preliminary. 

go. Progress on this inchoate pro­
ject to explore the TeV (1000 GeV) 
energy region by colliding 20 TeV 
proton beams was reported by the 
recently-appointed Director of the 
SSC Laboratory, Roy Schwitters. 
He reviewed the physics challenges 
and described progress and plans 
towards full authorization of con­
struction. 

This year, the SSC conceptual 
design will be transformed into a 
'site specific' report, now that the 

fects of this upgrade. A peak lumi­
nosity of 3 x 1 0 2 7 cm" 2 s" 1 has 
been achieved, equivalent to 3 Zs 
per day given current operating ef­
ficiencies (and assuming the 92.2 
GeV tuned collision energy is spot-
on). 

Wi th CERN's mighty LEP elec­
tron-positron collider now readying 
to make its entrance, the contribu­
tion that the SLC makes to our 
knowledge of the Z, and to high 
energy physics in general, remains 
to be seen. But whatever the phy­
sics may bring, wi th the SLC a new 
kind of particle collider has made a 
successful debut on the high ener­
gy research stage. 

conference 

location at Waxahachie in Ellis 
County, Texas, has been selected. 
The Central Design Group, based in 
Berkeley for the past few years, 
will soon move to the Waxahachie 
region. The top management struc­
ture is taking shape and an Inter­
national Advisory Committee is be­
ing formed. 

The project is receiving very 
strong local support. A Commis­
sion has been set up in Texas to 
organize a billion dollars of State 
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In a few weeks, the most advanced accelerator wilt start, 
incorporating leading-edge technologies and opening 
a new era for research. 
^Ihis required the very best from everyone concerned 
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- on time, 
- on specification. 
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Creative Electronic Systems SA 
Route du Pont-Butin, 70 
CH-1213 Petit-Lancy 1 
Switzerland 
Tel: (022) 792 57 45 



Oeuvres d'art 
pour la performance 

GARQONNET Freres 
a participe au projet HERA 

En decoupant les frettes inox des quadrupoles de I'accelerateur, 
les toles fer froid du circuit magnetique, ainsi qu'en realisant 
les outils de polymerisation. 

Garconnet Freres - Route d'Envermeu . Bureaux a Paris - 101, Boulevard Macdonald 
76510 Saint-Nicolas-d'Aliermont = 3 T UarpOnnei 75019 Paris 

Tel. 35 85 90 58 - Telex : 180 450 - Telecopie : 35 04 03 56 ^ performances de la precision m ( 1 ) 4 0 0 5 90 30 - Telex 680 078 

Giant Read-Out Boards? 
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produced by 
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for printed circuit boards 
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Final assembly of the 17 m superconducting 
magnet prototypes for the SSC. Some as­
pects of the crucial magnet development 
programme are going well. Others need 
more attention before magnet production 
can be passed to industry. 

funds for the project. This will in­
clude about a hundred million dol­
lars to strengthen the research and 
development phase, presently un­
derway in Laboratories elsewhere 
in the US. Given the enormous 
scale of the project, wi th about 
ninety kilometres of tw in storage 
rings, major collaborations wi th in­
dustry are essential and the SSC is 
already teaming up wi th several in­
dustrial partners (November 1988, 
page 28). 

It is hoped that government au­
thorization will enable construction 
to start next year, when the big 
collaborations to design and build 
the detectors can also be formed. 

Superconducting magnets 

Crucial to the SSC machine de­
sign are the superconducting mag­
nets to bend the particle beams. 

Their manufacture and installation 
will dominate the construction 
schedule and their cost (over a bil­
lion dollars) will be about a third of 
the total outlay. Some twenty thou­
sand kilometres of superconductor 
will be required, compared to some 
1.5 thousand for the Tevatron at 
Fermilab and one thousand for the 
HERA collider now being built at 
the German DESY Laboratory in 
Hamburg. Conductor quality has 
been improving remarkably in re­
cent years. The SSC provisional 
specification called for a critical 
current of the superconductor of 
2.4 kA per square millimetre. This 
was upgraded to 2.75 kA in the 
conceptional design report and the 
manufacturers are now aiming for 
3 kA. 

The SSC magnet research and 
development programme was cov­
ered by Tom Kirk. It involves Ber­
keley for the development of the 

superconductor itself, Brookhaven 
for the winding of the coils and 
their assembly in the cold mass, 
and Fermilab for the installation in 
cryostats and magnet testing. Fer­
milab has recently put together the 
necessary tooling for full magnet 
construct ion; this could increase 
the prototype magnet production 
rate and will also prepare for indus­
trial production. So far sixteen 
firms have expressed interest. 

The magnets will be 17 m long 
wi th a 3.3 cm aperture for the 
beam. The design field is 6.6 T 
produced by a current of 6.5 kA in 
the coils. Operating lifetime is set 
at ten years without maintenance. 
A series of short (1.8 m) and full-
scale magnets have been built, and 
recent magnets have a mixed histo­
ry. Number 13 performed excep­
tionally wel l , wi th only t w o 
quenches at 4.3 K and reaching a 
field of 8 T at 3.35 K. Tests 
showed excellent mechanical sta­
bility of the coil package. However 
number 16 did not top 5 kA in the 
coil, well below the design require­
ment, despite also showing excel­
lent mechanical properties. The 
problem has been traced to bad 
superconductor and more stringent 
quality control is now being imple­
mented. The latest full-scale proto­
type (number 17) had only one 
quench before reaching design field 
and has operated with over 7 kA. 
Number 18 is almost ready for 
cooldown. Equipment for measur­
ing field quality in these long mag­
nets will soon be operational at 
Fermilab. Mass production of the 
magnets in industry should start in 
1992. 

Industrial production of super­
conducting magnets, a feature of 
the HERA project at DESY, was re­
ported by Bjorn Wiik. The proton 
ring of this proton-electron collider 
needs over four hundred supercon-
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Roy Schwitters, newly appointed Director of 
the SSC Laboratory, gave the opening talk at 
the Chicago accelerator conference covering 
progress on this proposed huge US project. 
He is photographed in front of the Collider 
Detector Facility at Fermilab where he led 
the collaboration which built the detector. 

ducting magnets to provide a field 
of 4.7 T. More than a hundred 
have been measured; they exhibit 
essentially no training and achieve 
fields above design level. The first 
superconducting quadrupoles were 
installed in the HERA tunnel in 
March and the proton ring is 
scheduled for completion next 
year. 

The main concern in the opera­
tion of the HERA bending magnets 
is the effect of persistent currents 
at low fields during injection. Fortu­
nately the variation of these cur­
rents from magnet to magnet is 
proving to be small and it is ex­
pected that compensation will be 
straightforward. Overall, the HERA 
project is going well (see page 19). 

The world 's first big supercon­
ducting accelerator, the Fermilab 
Tevatron, has now several years of 
operating experience. Gerry Dugan 
described the great success of re­
cent runs. The fixed target pro­
gramme receives 800 GeV beams 
of 1.7 x 1 0 1 3 protons per pulse. 
The proton-antiproton collider is 
operating at luminosities of 2 x 
1 0 3 0 (twice the design goal). The 
integrated luminosity goal was ini­
tially set last year for 1000 inverse 
nanobarns, but had already reached 
7000 with two months still to go! 

There were dozens of papers at 
the conference on the performance 
of the Tevatron and its antiproton 
source. In the next few years it is 
hoped to take the luminosity to 
1 0 3 1 wi th a new 400 MeV linac to 
reduce Booster space charge prob­
lems at injection, a more powerful 
low beta section, and the installa­
tion of electrostatic separators to 
keep the proton and antiproton 
beams apart except at the t w o big 
detectors. By operating at a lower 
temperature than 4.2 K, the colli­
sion energy will inch up (see 
page 15). 

This higher energy performance 
is overtaking the similarly impres­
sive achievements fol lowing the 
improvements at the CERN proton-
antiproton collider (described by 
Eifion Jones). Peak luminosity so 
far was 2.4 x 1 0 3 0 and a new run 
is well underway (Luminosity at 
CERN's proton-antiproton collider 
has since exceeded 3 x 1 0 3 0 ) . 

The European project to add a 

Large Hadron Collider (LHC) in the 
LEP tunnel for multi-TeV proton-
proton physics was not reported at 
the conference but there has been 
promising work at CERN in collabo­
ration wi th industry to produce 
high field superconducting mag­
nets. Both niobium-titanium and 
niobium-tin magnets are under de­
velopment. 
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Superconducting radiofrequency 

Impressive was the report by Y. 
Kojima f rom the Japanese KEK 
Laboratory on the upgrading of 
TRISTAN to higher energies using 
superconducting radiofrequency 
cavities. The electron-positron ring 
has 104 conventional copper cavi­
ties producing a peak energy of 
28.5 GeV, and sixteen niobium su­
perconducting cavities were added 
last November (December 1988, 
page 13). 

The good performance is put 
down to improved quality niobium, 
and careful preparation and check­
ing at all stages of cavity construc­
t ion. Procedures include titanium-
wrapped annealing after the first el-
ectropolishing, to remove hydrogen 
f rom the niobium, and a final ample 
rinse in water wi th hydrogen pe­
roxide in an ultrasonic bath. There 
have been problems wi th leaks at 
the input-coupler w indows (now 
modified), heating of higher-order 
mode cables, some degradation in 
performance when changing f rom 
vertical to horizontal cryostats, and 
strong X-ray emission when oper­
ated in the machine (due to poor 
machine synchrotron radiation 
shielding rather than excessive el­
ectron activity in the cavities). 

The latest cavities show almost 
no electron emission f rom the cell 
surfaces and there are now many 
cavities giving accelerating field 
gradients in excess of 10 MeV per 
metre under test in vertical cryo­
stats. A further sixteen cavities will 
be installed this summer to take 
the TRISTAN energy to 32 GeV 
per beam. 

Ken Shepard pointed out that r.f. 
superconductivity has been around 
25 years since the pioneering work 
at Stanford's High Energy Physics 
Laboratory. A wide variety of 

A celebration in honour of Georges Charpak 
(second from left) was organized during the 
5th Vienna Wire Chamber Conference (April 
issue, page 1). Charpak has been a major in­
fluence on the evolution of this conference 
to international status - 260 participants 
from 22 countries attended this latest event. 
With him in the newly-built conference 
centre of the University of Vienna are the 
conference organizers, left to right, Mein-
hard Regler, W. Bartl and Gunther Neuhofer. 

structures are used in accelerators 
for low velocity particles. Argonne 
is prominent among the Laborato­
ries using superconducting ele­
ments in the acceleration of ions. 
Lowell Bollinger reported on the 
ATLAS (Argonne Tandem Linear 
Accelerator System) machine, 
where five low-beta resonators 
came into action for their injector li-
nac at the end of February. 

The Laboratories going for high 
energies, such as KEK, Cornell, 
DESY and CERN, have all now sett­
led on iris-loaded waveguide struc­
tures. Improvements in the thermal 
conductivity of the niobium cells 
and greater care in surface treat­
ment and cleanliness have yielded 
the results crowned by the recent 
work at KEK. At CERN, a cavity has 
had a successful long-term test 
(8000 hours) operating on the SPS 
and four cavities are being installed 
in LEP. 

The nuclear physics project 
which depends crucially on suc­
cessful production and operation of 

superconducting cavities, the recir­
culating linac of CEBAF, was not 
featured at the conference in a ma­
jor presentation. The news is that 
work on their prototype cavities is 
yielding accelerating field gradients 
well above the design value of 5 
MV per m and the first deliveries of 
production cavities f rom industry 
are scheduled for later this year. 

The innovative teams at Wup-
pertal and Cornell are continuing 
their investigations. They have en­
couraging results wi th niobium-tin 
structures and have recently experi­
mented wi th the new high temper­
ature superconductors sputtered 
onto other surfaces. No intrinsically 
adverse properties have been 
found so far. 

Other big machines 

News f rom the SLC Stanford Li­
near Collider has been overtaken 
by more recent events (see page 
1). It had been plagued wi th com-

8 CERN Courier, June 1989 



Technology 
Award 

At the Chicago conference a 
new award for 'outstanding 
contributions to the develop­
ment of particle accelerator 
technology' was presented to 
Jackson Laslett. In making 
the presentation, Mark Bar­
ton, Chairman of a Technical 
Committee on Particle Accel­
erator Science and Technolo­
gy, referred to Laslett's work 
on beam dynamics, magnet 
design, space charge forces 
and collective instabilities, 
with unique contributions to 
computational methods on 
most of these topics. 

ponent unreliability, particularly 
in the old linac, and it took a long 
t ime to get bunches of a few 1 0 1 0 

particles to the final focus consist­
ently. 

However this is a vital contribu­
tion to the effort to take electron 
collision energies beyond those of 
LEP at CERN, showing that it is not 
that difficult to make beams only a 
few microns across collide head-
on. 

A number of contributions f rom 
the LEP team at CERN illustrated 
the intense but careful effort pre­
paring for first collisions this com­
ing summer (May issue, page 5) 
and development work to get the 
most f rom the machine. 

There was encouraging news 
about the proposed 30 GeV kaon 
factory at TRIUMF, Vancouver, re­
ported by Mike Craddock, a promi­
nent advocate of the project for 
many years. It has become a top 
priority federal project in Canada, 
the Laboratory has been joined by 
t w o more Canadian universities and 
international interest is emerging in 
several countries (including the 
USA, Italy and Germany). The $11 
million assigned for pre-construc-
tion work by the Canadian govern­
ment and British Columbia province 
(September 1988, page 1) will f i ­
nance the 'project definition study' , 
including the building machine com­
ponent prototypes. 

Synchrotron radiation 

Herman Winick gave his usual 
thorough review of the ever-escal­
ating field of the use of synchro­
tron radiation; some 32 Laborato­
ries in thirteen countries employ (or 
will employ) 42 rings to produce in­
tense fluxes of radiation, f rom 
ultra-violet to hard X-rays, and the 
user community is in excess of 

6000 . There are many pleasing 
features of this escalation - it is a 
spinoff f rom the supposedly esot­
eric wor ld of particle physics, it in­
volves a very large number of re­
search disciplines, fruitful work can 
be done on comparatively modest 
machines within the scope of de­
veloping countries and modest uni­
versity departments, and there are 
immediate commercial applications 
(in the leading Laboratories about a 
third of the present research has 
industrial aims). 

The latest generation of ma­
chines employ undulators and 
wigglers to augment flux intensi­
ties. Super-ACO at Orsay is the 
first of these to be in operation 
wi th a storage ring energy of 0.8 
GeV. The Advanced Light Source, 
ALS, wi th a ring energy of 1.5 GeV 
had its groundbreaking ceremony 
at Berkeley last July and is sched­
uled for completion in Spring 1993. 
The Advanced Photon Source, 
APS, at Argonne wi th a ring ener­
gy of 7 GeV hopes to have con­
struction authorization next year. 
Europe (ESRF at Grenoble), Japan 
and Korea also have projects in this 
energy range incorporating the la­
test advances in technology. 

The largest of the present parti­
cle physics storage rings also have 
excellent properties as radiation 
sources. When they are operating 
somewhat below peak energy, 
they can cope with intense beams 
while retaining low emittance re­
sulting in high-brightness X-ray 
sources. PEP is a prime example 
where synchrotron radiation re­
search has been most successfully 
added recently. Winick concluded 
wi th the provocative thought that 
the very low emittance in the SSC 
could make it 'the wor ld 's most 
powerful lightbulb'. 

In one of the concluding talks, 
David Moncton, recently appointed 

to lead the APS project, summar­
ized scientific results, which he 
maintained could have great ben­
efits for the nation's economy, 
health and environment. There is 
work in the fields of physics, 
chemistry, biotechnology, nuclear 
waste treatment, medicine, de­
fence technology, materials 
science, surface science, industrial 
processes, and earth sciences. 

In some of these fields the pro­
perties of synchrotron radiation are 
particularly appropriate. Moncton 
pointed out that for most techno­
logical problems, the fundamental 
interactions are understood much 
better than the complexities which 
develop in microscopic aggrega­
tions in condensed matter, and 
synchrotron radiation can look at 
these complexities in both space 
and t ime. 

In the commercial f ield, specific 
topics are microstructures of cata­
lysts (with heavy implications for 
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Protons for cancer therapy. The tiny proton 
synchrotron, 7m across, built at Fermilab for 
the Loma Linda University Medical Center. 
The synchrotron will be shipped from Fermi­
lab to the hospital in July. 

possible new progress towards 
cold nuclear fusion), lubricants, su­
perconductors, ceramics, magnetic 
recording materials, virus structure, 
medical imaging and angiography. 

Now receiving most attention is 
the X-ray lithographic production of 
integrated circuits wi th line struc­
tures a fraction of a micron across. 
Prototype work at several of the 
major Laboratories, such as the 
Brookhaven National Synchrotron 
Light Source (November 1988, 
page 24), has been very successful 
and commercial interest is mush­
rooming, particularly in Japan, Ger­
many, the UK and the US. Both 
room temperature and supercon­
ducting rings have been designed 
and the first are being commis­
sioned. It seems likely that this will 
become the technique of choice for 
producing sub-micron structures 
and as many as a hundred ma­
chines in the 0.5 to 1 GeV energy 
range could be needed by the 
semiconductor industry. 

Other applications 

In medicine, accelerator techno­
logies are in growing use in radioi­
sotope production and in diagnosis 
(precise tumour location). However 
it is in the use of particle beams for 
tumour therapy that new steps are 
being taken. In Europe there is the 
Eulima project for light-ion therapy 
(January/February issue, page 2). 
In the USA, a proton therapy ma­
chine will soon be moved to Loma 
Linda University Medical Center 
after design and construction at 
Fermilab with Scientific Applica­
tions International Corporation as 
industrial partner (May issue, page 
14). Work at Michigan on super­
conducting cyclotrons to produce 
neutron beams for cancer therapy 
was covered by H. Blosser and the 

Eulima project by P. Mandrillon. 
A t several Laboratories (Los Ala­

mos, Livermore, Sandia) work con­
tinues as part of the USA SDI pro­
gramme to develop directed-energy 
weapons systems for use in space. 
Because of the problems of propa­
gating over a long distance while 
retaining concentration, the accel­
erator would have to provide very 
intense beams of high quality. Re­
search and development at this 
stage is therefore concentrated on 
modest acceleration systems 
aimed at perfecting particle beam 
production. 

Stan Schriber described the 
Ground Test Accelerator being 
built at Los Alamos. It aims to fun­
nel negative hydrogen ions f rom a 
surface plasma ion source through 
a radiofrequency quadrupole (RFQ), 
drift tube linac and coupled cavity 
linac to reach an energy of 100 
MeV. They have bettered the 
LAMPF figures on a test stand at 7 
MeV accelerating 100 mA at 425 
MHz and schedule a demonstration 
of long distance transmission of a 
24 MeV beam in about three years. 

Los Alamos has been the scene 
of preparations for the first man-
made accelerator to be used in 
space, the BEAR (Beam Experi­
ments Aboard Rocket) accelerator, 
aboard a Minuteman rocket. Opera­
tional just for a few minutes, it is 
designed to measure accelerator 
effects due to the special condi­
tions in space, particularly gravita­

tion and radiation. Negative hy­
drogen ions go to 1 MeV in an RFQ 
and are then neutralized in xenon 
gas, a 10 mA neutral hydrogen 
beam being ejected from the spa­
cecraft through diagnostic units. 
Components successfully endured 
a flight-simulation test last August. 

The meeting was the 13th Parti­
cle Accelerator Conference to be 
organized in the USA. It attracted 
some 700 papers (about a hundred 
more than at the previous confer­
ence in Washington in 1987), un­
derlining the increasing practical 
applications of accelerators. 

By Brian Southworth 
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Heavy use of heavy ions 

Now being put through its paces at 
the Gesellschaft fur Schwerionen-
forschung (GSI) Laboratory in 
Darmstadt, Germany, is the new 
216 metre-circumference SIS hea­
vy ion synchrotron, designed to 
handle beams from several MeV to 
a few GeV per nucleon, the maxi­
mum energy depending on the ion 
charge (number of stripped elec­
trons). 

In the same experimental hall, a 
second ring, ESR, is being assem­
bled. Half the size of SIS, it has a 
wide aperture and will be equipped 
wi th both stochastic and electron 
beam cooling to tr im the momen­
tum spread of its stored beams. 

Together, these t w o rings will 
be able to supply well-defined 
beams both of completely stripped 
ions, right across the Periodic Ta­
ble, and of unstable nuclides, sepa­
rated from secondary particles pro­
duced by primary beams. In addi­
tion to pure physics, these new 
heavy ion tools will provide in­
creased scope to investigate routes 
towards energy production from 
nuclear fusion, and explore pros­
pects for ' frozen' beams. 

Beams for SIS are provided by 
the UNILAC, operational since 
1975 and the scene of much im­
portant physics. For the SIS era, a 
new high intensity ion source and 
radiofrequency quadrupole injector 
is being prepared for the UNILAC. 
Because SIS demands on the UNI­
LAC are not high, an independent 

Overview of the beams at the Gesellschaft 
fur Schwerionenforschung (GSI) Laboratory, 
Darmstadt, Germany. The 15-year-old UNI­
LAC injects beams into the SIS synchrotron, 
to be linked to the ESR storage ring, still un­
der construction. The FRS separator will sel­
ect out specific nuclides from the secondary 
fragments produced by the primary SIS 
beam. At the UNILAC, the high current injec­
tor will provide the particles destined for the 
SIS, while the second injector will permit pa­
rallel UNILAC running for low energy 
studies. 

A section of the GSI SIS synchrotron ring, 
with its radiofrequency accelerating unit 
opened up. The ring is now being commis­
sioned. 
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UNILAC injector will provide a pa­
rallel channel wi th free choice of 
ions, enabling the linac to continue 
its traditional role for low energy 
studies. 

For SIS, beam will be acceler­
ated in the UNILAC up to 11.4 
MeV/nucleon and enough electrons 
stripped off to ensure the desired 
energy and intensity. Circulating 
SIS beam has been achieved, initial 
injection into the new ring coincid­
ing wi th the 80th birthday of GSI 
pioneer Christoph Schmelzer (Jan­
uary/February, page 24). SIS com­
missioning will probably last until 
September. 

Ejected beams can be supplied 
either directly to experiments or to 
the ESR storage ring now taking 
shape downstream. Its bending 
power will handle fully stripped 
uranium ions at up to 556 MeV/nu­
cleon, or, for example, 834 
MeV/nucleon for fully stripped 
neon. Stochastic pre-cooling will 
improve the profile of beams wi th a 
wide momentum spread, such as 
secondary particles f rom the SIS. 

An electron cooling unit, in­
stalled in one of the t w o 9.5 m 
straight sections, will put the f in­
ishing touches to the beams. An 
internal target in the second 
straight section would provide high 
luminosity collisions. In addition to 
external beams supplied to the 
downstream experimental area, 
ESR particles could also be fed 
back to the SIS for further accelera­
tion/deceleration. Clearly wi th the 
t w o rings in operation, GSI will 
have a lot of beam options to offer 
and explore. 

Much of this variety will be the 
result of the FRS projectile frag­
ment separator, to be installed be­
tween the two rings. Here, second­
ary beams of unstable nuclides will 
be produced by fragmentation and 
dissociation of primary SIS parti­

cles, the required nuclides being 
separated out in flight and injected 
into ESR or supplied directly to ex­
periments. The physics of the frag­
mentation process itself will also 
be an important field of study, 
while fusion mechanisms could be 
studied, the heavy nuclei being the 
projectile. 

Several large facilities will be set 
up in the experimental area down­
stream of the two rings. A full sol­
id-angle charged particle detector, 
including a forward spectrometer, 
will concentrate on central (almost 
head-on) collisions. The detector 
arsenal will also include a two-arm 
barium fluoride photon detector 
and a large-area neutron detector. 
A magnetic spectrometer in a sep­
arate cave wiN be well tuned for 
picking up kaons. 

Despite its new role as an injec­
tor, the faithful UNILAC will still 
continue to supply beams directly 
to experiments. Highlights of the 
15-year research programme so far 
have included the synthesis of new 
superheavy nuclei, and the joint di­
scovery by the ORANGE and EPOS 

groups of sharp positron lines in 
1 9 8 1 , and the subsequent finding 
of correlated electron-positron sig­
nals by EPOS in 1985. (See April 
issue, page 13. This report should 
have referred to the earlier positron 
sightings as well as the EPOS 
1985 result.) 

Addit ional research goals include 
investigating the possibilities of 
'crystalline beams' in ESR (March 
issue, page 8), and of using heavy 
ion beams to drive nuclear fusion 
(September 1988, page 29). Wi th 
the first steps in heavy ion plasma 
physics having been made, the 
dense plasmas available wi th the 
ESR ring would significantly extend 
this research. 

The wide aperture ESR storage ring at GSI, 
seen here before installation of its beam 
pipe, will use stochastic cooling for an initial 
taming of unruly beams before applying the 
finishing touches via electron cooling. 

(Photos GSI) 
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Around the Laboratories 

FERMILAB 
Looking to upgrade 

Now taking shape is an imaginative 
upgrade plan to ensure Fermilab's 
unique accelerators retain their phy­
sics attraction for the future decade 
and beyond. 

Initial results f rom the Tevatron 
collider suggest that new physics 
will probably require lots of data. 
Furthermore, if the proposed US 
Superconducting Supercollider 
(SSC) goes ahead and begins to 
give physics results sometime after 
1998, the upgrade would fill the in­
tervening gap and provide useful 
physics opportunities such as in­
tense energetic kaons and neutrino 
beams well into the SSC era. 

Earlier upgrade ideas included 
options such as the addition of t w o 
20 GeV synchrotrons, one as a 
booster into the existing Main Ring 
and a second as an antiproton 
storage depository, but this turned 
out to be unnecessarily compli­
cated. 

The upgrade is now seen as un­
folding in three phases, the overall 
goal being a hundredfold increase 
in luminosity (a measure of collision 
rate) in the antiproton-proton collid­
er, and tripling beam intensities for 
fixed target experiments. 

The first phase (already under­
way - September 1988, page 16) 
involves upgrading the existing li­
nac to 400 MeV. This will increase 
the luminosity of the superconduct­
ing Tevatron to about 1 0 3 1 c m " 2 s " 1 

with 1 TeV colliding beams. It will 
also double fixed target intensity to 
about 3 x 1 0 1 3 protons per pulse. 
In addition, refrigeration improve­
ments will provide a modest in­
crease in incident beam energy to 
900 GeV for fixed target operation. 

In a second phase, the present 

four-mile Main Ring would be de­
commissioned and replaced wi th a 
new 120 GeV Main Injector in a 
separate underground enclosure. 
This large aperture, rapid cycling 
proton synchrotron is designed 
wi th an eye to the limitations inher­
ent in the present Main Ring when 
used as a collider. (Collision phy­
sics was not even on the horizon 
when the Main Ring was designed.) 

Wi th the new Main Injector, the 
initial (peak) collider luminosity is 
expected to increase to about 
2 . 5 x 1 0 3 1 . The new machine would 
also be capable of delivering about 
6 x 1 0 1 3 protons per pulse to the 
Tevatron and because of its high 
repetition rate would also be a 
source of 120 GeV fixed target 
test and calibration beams in paral­
lel wi th collider operation. The plan 
foresees development for the Main 
Injector getting underway in 1990 
with construction beginning in 
1991 for completion 1994. 

The third phase would be the re­
placement of the present Tevatron 
magnets wi th new, more powerful 
superconducting magnets, boost­
ing energy to 1.8 TeV per beam 
and luminosity to 4 x 1 0 3 1 . 

The increased physics potential 
f rom thi§ third phase comes mainly 
f rom the increase in beam energy 
for fixed target physics rather than 
the modest increase in collision lu­
minosity. R&D for the high field su­
perconducting magnets is already 
underway at a modest level, and 
would accelerate next year. Con­
struction could start as early as 
1992, wi th project completion 
scheduled for 1995, wi th installa­
tion of both the Main Injector and 
the New Tevatron during a single 
shutdown of 9-11 months. 

The Fermilab superconducting Tevatron ring 
(below) with the Main Ring of conventional 
magnets above. Collision physics was an 
afterthought for the Main Ring. 
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Students getting hands-on experience at 
Fermilab. 

Physicists of the future 

The students that will carry out 
key experiments at Fermilab or the 
proposed US Superconducting Su­
percollider (SSC) in the late 1990s 
are today in high school, many of 
them still wondering about a car­
eer. 

Attracting new talent to particle 

physics has to overcome many dif­
ficulties. Other fields have stolen 
some of the glamour that once bel­
onged to the quest to understand 
the ultimate composition of matter. 
Potential students can be deterred 
by first having first to master diffi­
cult concepts and grapple wi th re­
condite mathematics. 

Wi th physicists traditionally 
communicating in a hermetically 

sealed language, how does one 
reach and motivate these young 
people? 

First, scientists can try to com­
municate to a general audience in 
as simple a way as possible (this 
not-so-simple-exercise can benefit 
the scientists as well as the au­
dience). Secorfd, modern particle 
physics must be incorporated into 
the textbooks and teaching curricu­
la of secondary students. 

For the last nine years Fermilab 
has been involved in projects to in­
troduce modern particle physics to 
students and their teachers in sec­
ondary schools. A not-for-profit 
corporation called Friends of Fermi­
lab Inc. aims to communicate Fer-
milab's research mission to young 
people. 

The approach begins with a 
Needs Assessment Workshop to 
determine how the curriculum 
should be developed and imple­
mented. This is done at Fermilab 
under a project director wi th teach­
ers and administrators from local 
schools, while Fermilab scientists 
monitor course content. An import­
ant result is documentation ('how-
to ' manuals) to introduce similar 
teaching projects elsewhere. 

For teachers, a four-week Sum­
mer Institute for Science and Ma­
thematics includes lively teaching 
techniques for existing textbooks, 
supplemented by Friends of Fermi­
lab material. A two-week Topics in 
Modern Physics programme pro­
vides advanced instruction for 
teachers, while in 'Beauty and 
Charm at Fermilab' junior high 
teachers come to Fermilab for a 
one-week course on communicat­
ing the basic principles of modern 
particle physics. 

Another effort focuses on young 
students, bringing them to Fermilab 
for first-hand experience of a basic 
research environment. Thus after a 
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measurements etc. various types f rom low background to very 
high efficiency are available. 

Z I N S S E R 
A N A L Y T I C (uk) L td . 
H o w a r t h Road, S t a f f e r t o n Way, M a i d e n h e a d , Berks. SL61AP 
T e l e p h o n e 0 6 2 8 / 2 4 5 7 0 • Telex 8 4 9 4 6 2 M & K 

High Performance 
B a F o Scintillators 

M E R C K - t h e a u t h o r i z e d s o u r c e ! 

\ » cabtes\d'energie de 1 kV a 400J(V 
• gables basse tension pourjuSages, 

industfiels et domestiques, 
cpbles soudles : ^ i l l 
cables pour utilisations specialesj 
cables destgnalisation 

/ / e t de telecommantte 
• cables telephoniques de reseau, 
• cables a fibres optrqtres,-"' 

~>~matenelsd© raccordement 

des cables ~~" I 

S O C I E T E I N D U S T R I E L L E \ \ 
DE L I A I S O N S E L E C T R I Q U E S x ^ . - _ -

6 4 bis, rue de Monceau - 7 5 0 0 8 Paris 
Tel . : 0) 45 .63 .14 .33 . Telex: SILEC 2 8 0 2 4 8 F 

Telecopie ( 1 ) 4 5 . 6 3 . 7 8 . 4 0 
SOCIETE ANONYME AU CAPITAL DE 159.176.700 F 

DEPARTEMENT CABLES 
DEPARTEMENT SIGNALISATION 

\ USINE A MONTEREAU 

High quality BaF2 Scin­
tillators produced under 
CEA* patents 

MERCK together with 
CRISMATEC is sole 
licensee for such BaF2 

Scintillators 

Commissariat a I'Energie Atomique, 
Paris, France 

• MERCK is also a reliable 
supplier for Csl, NaF, 
BGO and other materials 
of interest to you 

For further information 
please contact E. Merck, 
Darmstadt 

M E R C K 

E. Merck 
VIC ELO 
P.O. Box 4119 
D-6100 Darmstadt 1 
Phone: (06151) 723686 
Fax: (06151) 723630 
Telex: 419328-0 emd 
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CAMAC AMPLIFIERS AND ATTENUATORS 
EXTEND INPUT RANGE OF FAST WAVEFORM DIGITIZERS 

7 9 0 0 7 9 1 0 7 9 2 0 7 9 3 0 

European Representative: 
HYTEC ELECTRONICS LIMITED, 94 REGENT RD., LEICESTER LE1 7DJ. 

TEL: 0533 542428 FAX: 0533 547749 Telex: 341401 JJ INT 

• Models 7900/7901, Dual Manual A t ten . , DC-2 GHz, 10 dB 
steps (opt ional X1, .5, .2, . 1 , etc., steps to 0.001); dual amps., 
DC-500 MHz, X10, (7900) or DC-1 GHz, X5, (7901). Mode l 
7900, $2700*; Mode l 7901, $2900; S tock to 30 days. 

• Models 7910/7911, Dual C A M A C Prog rammab le At ten. , DC-1 
GHz, 0-63 dB, 1dB steps; dual amps. , DC-500 MHz, X10 (7910) 
or DC-1 GHz, X5, (7911). Mode l 7910, $3000*, avail. 6/23/89; 
7911, $3100*, avail. 6/30/89. 

• Models 7920/7921, Quad C A M A C Prog rammab le At ten. , DC-1 
GHz, 0-63 dB, 1 dB steps, (7920); 0-127 dB , 1 dB steps, (7921). 
300 vol t peak input , 1 W max power. Mode l 7920, $2700*; 7921, 
$3100*; Stock to 30 days. 

• Models 7930/7931, Quad Ampl i f ie r , DC-500 MHz, (7930); D C -
1 GHz, (7931). Mode l 7930, $3200*; 7931, $3400*; Stock to 
30 days. 

* U.S. Domestic Prices, U.S. Dollars 

C A L - A V L A B S , I N C . 

515B W E S T C H E S T E R D R I V E C A M P B E L L , C A 9 5 0 0 8 
T E L : (408) 371 -0666 FAX: (408) 371 -0672 

(Since 1959) 

S . a R . L . 

R E L I U R E A R T I S A N A L E 

D O R U R E 

E N C A D R E M E N T S 

A R T I C L E S P U B L I C I T A I R E S 

Franz KATHARI, maitre-relieur 5, chemin des Coquelicots 
Tel. (022) 41 10 15 1214 Vernier-Geneve 
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Built at the Canadian Chalk River Laborato­
ries, the two 52 MHz radiofrequency cavities 
installed in the PETRA ring at DESY take 
protons from 7.5 to the 40 Ge V injection 
energy for the HERA electron-proton collider 
now being installed. 

classroom introduction, students 
may return to Fermilab for a visit 
and a discussion session. In a spe­
cial two-week US Department of 
Energy-sponsored programme 
about 50 gifted high school stu­
dents f rom the United States and 
other economic 'summit ' countries 
spend t w o weeks working and 
studying at Fermilab. 

A third project caters for Latin 
American science teachers. In 
1986 Latin American delegates at­
tended a Conference on the Teach­
ing of Modern Physics at Fermilab. 
This was fol lowed up by a series 
of mini-courses in particle physics, 
general relativity, and cosmology in 
Mexico City, attracting hundreds of 
teachers. Another course planned 
for this summer is expected to at­
tract 300 Mexican teachers. 

A future goal is to extend the ef­
forts towards elementary school. In 
addition to elementary curriculum 
development, a 'FermiCenter' is un­
der design where students of all 
ages will be able to carry out ex­
periments introducing physics prin­
ciples through hands-on experi­
ence. FermiCenter will also provide 

a base for Friends of Fermilab ac­
tivities. 

By introducing the modern con­
cepts of physics at an early age 
and providing a stimulating atmo­
sphere, high energy physicists as­
sure a harvest of students to carry 
on the traditions of particle physics 
research well into the next millen­
nium. 

DESY 
Radiofrequency 
systems for HERA 
protons 

The German DESY Laboratory in 
Hamburg is having its first suc­
cesses in accelerating protons des­
tined eventually for the HERA elec­
tron-proton collider. 

Protons (or rather negative hy­
drogen ions) are injected f rom Li­
nac III into the DESY III synchrotron 
at 50 MeV. After stripping off the 
electrons, the protons are taken to 
7.5 GeV for injection into the spe­
cially modified PETRA ring. Here 

they will be taken to 4 0 GeV ready 
for injection into HERA. First tests 
are scheduled for the summer, and 
the proton ring should be complete 
next year. 

HERA's protons will be acceler­
ated to 820 GeV and stored for 
about ten hours for collision wi th 
electrons (or positrons). The HERA 
electron ring stored its first elec­
trons last year, and the beam 
should reach 26 GeV in the next 
series of tests. Superconducting ra­
diofrequency cavities should sub­
sequently boost this energy to 30 
GeV. 

The DESY III radiofrequency (r.f.) 
system operates between 3.27 
and 10.33 MHz during the 1.8 s 
acceleration t ime, using a single 
cavity wi th t w o quarter-wavelength 
ferrite-loaded resonators, formerly 
a spare for the CERN PS proton 
synchrotron. Up to 50 k W of pow­
er can be delivered by a Siemens 
tetrode. 

The DESY III r.f. voltage is raised 
f rom 500 V at injection to 18 kV at 
7.5 GeV. The final frequency and 
voltage determine both the bunch 
length (2.8 m) and the bunch spac­
ing (96 ns). 

In PETRA's t w o identical proton 
cavities, built at the Canadian Chalk 
River Laboratories and commis­
sioned last year, the frequency 
changes f rom 51.64 to 52.03 MHz 
as the protons are taken from 7.5 
to 40 GeV. 

The maximum number of 
bunches in DESY III is 11 and in 
PETRA 80 , so that wi th a DESY III 
cycle t ime of 3.6 s, PETRA filling 
takes 30 s. Subsequent accelera­
tion takes 2 min and is limited by 
eddy currents in the aluminium 
vacuum chambers. Deviations of 
r.f. voltage and phase are most 
severe during injection and can be 
reduced by a feedback loop. Cavity 
voltages are raised to 93 kV after 
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CERH COURIER 

A unique advertising medium 
for scientific 

and technical equipment 

CERN COURIER is the internationally recognized 
news magazine of high energy physics. Distributed 
to all the major Laboratories of the wor ld active in 
this dynamic field of fundamental research, it is 
compulsive reading for scientists, engineers, ad­
ministrators, information media and buyers. Wr i t ­
ten in simple language and published simul­
taneously in English and French it has become the 
natural communication medium for particle physi­
cists in Europe, the USA, the Soviet Union, Ja­
p a n — everywhere where the fundamental nature 
of matter is studied. 

Published f rom CERN, Switzerland, it also has 
correspondents in the Laboratories of Argonne, 
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos 
and Stanford in the USA, Darmstadt, DESY and 
Karlsruhe in Germany, Orsay and Saclay in France, 
Frascati in Italy, Rutherford in the U. K., PSI in Swit­
zerland, Serpukhov, Dubna and Novosibirsk in the 
USSR, KEK in Japan,TRIUIVIF in Canada and Peking 
in China. 

The annual expenditure on high energy physics in 
Europe is about 1000 million Swiss francs. The 
expenditure in the USA is about $ 600 million. 
There is similar expenditure in the Soviet Union. 

CERN COURIER is the way into all high energy 
physics research Laboratories. If you have a market 
in this field, there is no surer way to make your 
products known than by advertising in CERN 
COURIER. 

All enquiries t o : 
Advertising Manager 
Micheline Falciola 
CERN COURIER 
CERN 
CH-1211 GENEVA 2 3 
Tel . (022) 7 6 7 41 0 3 
Telex 419 0 0 0 CER 
Telefax (022) 7 8 2 1 9 0 6 

ORGANISATION EUROPEENNE 
POUR LA RECHERCHE NUCLEAIRE 

EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

M O V I N G ? 

Please remember to let us know 
in good t ime. All notices of 
change of address must be 
accompanied by old and new 
addresses. (Include label from 
magazine wrapper.) 

Any enquiries regarding subscriptions 
should be addressed to: 

Monika WILSON 
CERN COURIER/CERN 
1211 Geneva 23 Switzerland 

Advertisements in CERN COURIER 
Format A 4 Monthly publication 
All advert isements are published in both English and French edi­
t ions. Second language versions accepted wi thout extra 
charge. 

Space 
(page) 

7 i 
1 / 2 

7 4 

Actual size (mm) 
w id th by height 

185 x 265 
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9 0 x 265 
9 0 x 130 

Cost per insert ion (Swiss Francs) 
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1170 
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insert ions 
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1100 

6 3 0 

1830 

1040 

5 9 0 
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insert ions 

1730 

9 6 0 

5 5 0 

These prices include no entitlement to special placing. 

Supplement for : 
— one additional colour 
— Covers: 
Covers 2 and 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive f i lms and copy 
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2 0 0 0 SwF 
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1 st of month of cover date 

1st of month preceding cover 
date 
The cost of making fi lms and of 
translation for advert isements are 
charged in addit ion. 

Screen (offset) 6 0 or 5 4 Swiss (150 English) 
Advert isements cancelled after 
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date wil l be invoiced. 

These rates are effective for the year 1989. 
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Apparatus used for photoemission studies 
at Brookhaven. The optical beam path 
shows up as a line (produced by a helium-
neon laser). The photocathode is inside the 
six-way cross on the left. 

acceleration for adiabatic compres­
sion of the bunches to 2.16 m. 

The HERA proton ring has t w o 
r.f. systems, one operating at the 
PETRA frequency of 52 .03 MHz to 
handle the 2.16 metre injected 
bunches, the second operating at 
208 .13 MHz at 40 GeV, and 
208 .19 MHz at 820 GeV, giving a 
final bunch length of 27 cm. 

A t least three PETRA shots 
would be needed to fill HERA. Dur­
ing this t ime, about 20 min, only 
the lower frequency system would 
be active. Now being built at Chalk 
River, it will include t w o cavities 
similar to those in PETRA and will 
be commissioned later this year. A 
feedback loop (gain 50) should 
handle beam-induced fields. 

After injection comes a first 
compression phase where the 52 
MHz r.f. voltage is raised to 280 
kV, reducing the bunch length to 
1 .15m. The 208 MHz system is 
then switched on, the voltage at­
taining 2.4 MV and the bunches 
shrinking to 27 cm. Final accelera­
tion will take about 10 minutes, the 
speed being limited by the voltage 
f rom the power supply. 

There will be four 208 MHz cavi­
ties in HERA, each wi th its power 
amplifier using a Siemens tetrode. 
Apart f rom a few modifications, 
this system, being built at DESY, 
copies from the 200 MHz system 
at CERN's SPS ring to handle the 
electrons and positrons destined 
for the new LEP collider (April 
1987, page 14). 

Recently the first of these 208 
MHz cavities was installed in the 
HERA tunnel wi th its tuner and 
power amplifier, as shown in the 
photograph on page 20 of the April 
issue. (Unfortunately the caption 
wrongly attributed the work - the 
Canadian TRIUMF Laboratory has 
provided the beam transport linking 
Linac III and DESY III.) 

BROOKHAVEN 
Fast photoemission 
for novel accelerators 

In the past, photoemission has 
been used for a variety of applica­
t ions, such as measurement of light 
fluxes and the study of atomic and 
molecular structures. The explora­
tion of laser-illuminated photoca-
thodes at Los Alamos showed 
how to produce high intensity elec­
tron beams. 

Recent work on photoemission 
at Brookhaven may lead to novel 
applications: a new family of in­
tense pulsed electron sources (ra­
diofrequency guns) and fast high-
power switches that could greatly 
reduce the size and at the same 
time increase the energy of a new 
breed of particle accelerators 
(switched power linacs - see May 
issue, page 21). Other applications 

include development of X-ray las­
ers and of lasertrons as sources of 
microwaves at millimetre and sub-
millimetre wavelengths. Such 
sources could be used to drive 
conventional linacs. 

In all these potential applica­
t ions, the task is to produce a large 
number of electrons per unit area in 
a very short t ime (about 100 kA 
per sq cm in a few picoseconds). 
This is achieved by shining a short, 
intense laser pulse on a photoca­
thode that responds instantly to 
light. Photocathodes wi th a high 
yield of electrons per photon and 
tolerance to brief exposure to air 
are also desirable. 

A t present, photoemission 
studies at Brookhaven are directed 
towards characterizing photoca­
thodes to determine their quantum 
efficiencies, increasing the quantum 
efficiency by operating the cathode 
under high surface fields, and ob­
taining large currents and current 
densities. 
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Structures formed on yttrium surfaces irra­
diated with UV laser pulses of various ener­
gies. The 1 micron diameter grains seen at 
center right proved most effective at en­
hancing the quantum efficiency. 

Yttrium Surface Structure 
f o r m e d b y 

scann ing w i t h l a s e r p u l s e s o f 266nm j lOps 
0,5mm dia. j 0,3 fwhm j 6 8 x l 0 3 p u l s e s mm 2 

Pulse Energy" 
Unexposed 

Grain Dia.i 
None 

Magnif i ca t l on i 
20000x 

Pu lse E n e r g y i 

Grain Dia.i 
0,7fi m 

Magnif i c a t i o m 
2000x 

Pu lse E n e r g y i 
49/HJ 

Grain Dia.i 

Magnif i ca t l on i 
4000x 

Pu l se E n e r g y i 
7.2HJ 

Grain Dia.i 
0.1//m 

Magn i f i ca t i on ! 
20000x 

Pu lse E n e r g y i 

Grain Dia.i 
1/4 n 

Magn i f i ca t i on ! 
4000x 

Pu l se E n e r g y i 

Grain Dia.i 
3-6/^m 

Magn i f i ca t i on ! 
2000x 

The laser chosen for these ex­
periments is a frequency quadru­
pled Nd:YAG delivering 1 0 1 5 4.6 
eV photons in 10 picoseconds. 
Metallic photocathodes, wi th a high 
density of electrons in the conduc­
tion band, give an effectively in­
stantaneous response to the light 
pulse. 

Of the several metals investi­
gated, quantum efficiencies ex­
ceeding 0 .05% have been obtained 

from activated samarium, yt t r ium, 
and magnesium at low applied 
fields. Studies of photoemission 
from yttr ium surfaces wi th micro-
structures indicate that surface 
structures improve the low field 
quantum efficiency by approximate­
ly a factor of 5-20 over the applied 
field, thereby facilitating emission 
and further increasing the quantum 
efficiency. The low field efficiency 
and the surface field enhancement 

appear to reach a maximum value 
(quantum efficiency 0.13%) when 
the surface is closely packed wi th 
1 micron diameter structures. 

Current density measurements 
have yielded 60 kA per sq cm f rom 
a 0.05 mm sq magnesium photo-
cathode irradiated by 3 microjoules 
of UV laser light, very high for such 
relatively large cathodes. However, 
this current density was limited by 
space charge effects. Wi th higher 
applied fields, these effects could 
be overcome, and the current den­
sity under these conditions would 
be boosted to 84 kA per sq cm. 

Future plans include applying a 
pulsed high voltage to establish 
high fields comparable to those 
needed in radiofrequency guns and 
switched power linacs, measuring 
quantum efficiency at these high 
fields, determining the pulse dura­
tion of the electron bunch and 
studying photoemission induced by 
subpicosecond optical pulses. 

A t CERN, electron emission f rom 
ferroelectric crystals is being ex­
plored as a possible route to new 
beam sources (January/February 
issue, page 21). 

INDIANA 
Siberian snakes on 
the move 

After fifteen years of reptile-like 
inactivity, 'Siberian Snakes' are be­
ginning to move - in Indiana. The 
Siberian Snake concept was pro­
posed by Yaroslav Derbenev and 
Anatoly Kondratenko of the Soviet 
Novosibirsk Laboratory in the mid-
70s. To overcome the depolarizing 
resonances acting on a stored po­
larized (spin oriented) beam, the 
idea is to rotate the spin through 
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The magnets of the Celsius cooler/storage 
beam at Uppsala, now handling its first 
beams, were previously used in the ICE (Ini­
tial Cooling Experiment) at CERN, and before 
that in the CERN g-2 ring built to measure 
the anomalous magnetic moment of the 
muon. 

180° on each turn in the ring. Wi th 
this spin fl ip, the depolarizing mag­
netic fields on one turn could be 
cancelled by an exactly opposite 
effect on the next turn. 

Siberian Snakes would be very 
useful for high energy polarized 
beams, obviating the painful tradi­
t ion of eliminating one depolarizing 
resonance at a t ime, each one re­
quiring a few hours' work. The pro­
posed US Superconducting Super­
collider (SSC) would have 36 ,000 
depolarizing resonances! 

Thus in 1985 an SSC polarized 
beam workshop (organized in Ann 
Arbor, Michigan, by Owen Cham­
berlain, Ernest Courant, Alan Krisch 
and the late Kent Terwilliger) con­
cluded that SSC polarized protons 
were feasible provided the Siberian 
Snake idea really worked, wi th the 
recommendation that this should 
be established as soon as possible. 

A candidate testbed was the 
new electron Cooler Ring at Indiana 
University's Cyclotron Facility 
(July/August 1988, page 13), 
where accelerating polarized pro­
tons f rom the cyclotron injector 
would have to negotiate t w o depo­
larizing resonances. 

Built by a Michigan/Brookhav-
en/lndiana team led by Krisch, the 
Siberian Snake installed in March 
contains a superconducting sole­
noid, four quadrupoles and four 
skew quadrupoles to correct orbit 
distortions caused by the solenoid. 

Beforehand the team had used a 
symmetric polarimeter capable of 
measuring the vertical and radial 
polarization of the 120 MeV beam 
near a depolarizing resonance at 
108 MeV. 

Using three small solenoids to 
vary the net field in the Cooler 
Ring, it was found that wi th perfect 
correction (zero net field) the verti­
cal polarization peaked near 77 per 
cent while the radial polarization 

was zero. Wi th poor correction, 
the vertical polarization decreased 
to about 30 per cent while the ra­
dial value increased to about 35 
per cent (positive or negative ac­
cording to the direction of the mis­
match). Thus the 'stable polariza­
tion direction' appeared to rotate 
as the solenoids were adjusted. 
Without the solenoids, this direc­
tion was vertical - the beam was 
vertically polarized. 

These tests showed that non-
vertical stable polarizations are 
possible in a stored beam, a hint 
that the Siberian Snake idea might 
be on the right track - the three 
solenoids acting as a 'partial Siber 
ian Snake'. Studies with the full 
Snake will begin later this year. 

UPPSALA 
First beams in Celsius 
The Celsius cooler/storage ring at 
Uppsala, Sweden, equipped wi th 

magnets previously used in t w o 
rings at CERN, has stored and ac­
celerated its first beams. Celsius is 
aimed at intermediate energy phy­
sics research using thin internal tar­
gets and stored, cooled beams of 
both light and heavy (up to atomic 
mass 100) ions wi th momenta of 
up to 2.1 GeV per nucleon. Experi­
ments will begin this year. 

The injected ions come from the 
recently reconstructed Gustaf 
Werner cyclotron, able to handle 
protons up to 200 MeV and once 
(1951) Western Europe's biggest 
accelerator. It combines sector fo­
cusing wi th frequency modulation 
and can accelerate a range of ions 
across a range of energies. It will 
be equipped wi th t w o external ion 
sources in addition to the present 
internal (PIG) source - an ECR 
source for heavy ions being built at 
the University of Jyvaskyla in Fin­
land, and a polarized proton/deute-
ron source ordered from Balzers. 

The Celsius progamme was born 
in the summer of 1982, when the 
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Features 
64 independent TDC 
channels, differential ECL on 
rear auxiliary connector 
25 picosecond resolution 
with a 100 nsec range; other 
options available 
± 2 LSB integral and 

differential nonlinearity/each 
channel 
unique zero-suppressed block 
transfer mode 
digital correction for offset 
and gain errors 
pedestals are downloaded or 
automatic during calibration 
on-board Hit register with 
front-panel 'OR' 
front-panel end-of-convert for 
triggering readout devices 
input signals terminated at 
auxiliary backplane 
common Start, front-panel 
NIM, or differential ECL 
auxiliary 
fast 200 nsec clear time 

First of its kind . . . 
a high precision 

time-to-digital converter 
The KineticSystems F432 64-channel, Single-Hit Time-to-Digital Converter 
(TDC) is the first commercially available FASTBUS device with the preci­
sion to resolve time intervals within ±25 picosecond steps. It measures the 
time between a common start input and one of the 64 stop channels, which 
are precision time-to-amplitude converters (TACs) developed by Kinetic-
Systems. Each TAC is multiplexed to a common analog-to-digital converter 
and digitally corrected to compensate for offset and gain errors, insuring ac­
curacy and long-term repeatability. 

Sixty-four TDC channels are packaged on a standard single-width FASTBUS 
card. Each analog channel is an individual daughter board utilizing surface-
mount devices for convenient in-the-field servicing. The multilayer mother 
board contains digital-corrected circuitry, memory, and a complete FASTBUS 
interface. The common start and all 64 stop inputs connect to the TDC 
through a half-height connector card via the module's rear auxiliary backplane. 
Auxiliary inputs are differential ECL, terminated into 100 ohms. 

The F432 is a Slave module, implemented using the FASTBUS Address/Data 
Interface (ADI) chip set and Programmable Array logic devices. Readout is 
usually performed by a data-gathering Master, such as our F820 Scanner Pro­
cessor (SP) or F930 Block Mover II. The TDC's most efficient method of 
readout is by a unique block transfer read of zero-suppressed data memory 
minimizing the number of FASTBUS read operations. Sparse data scan and 
single-word data transfers are also supported. Of course, raw data is always 
available for those who like to keep it all. The pedestal value for each chan­
nel is automatically subtracted from raw input data and stored in memory 
as Pedestal corrected data. In this way, corrected data is read directly by 
the host, eliminating the need for special-purpose modules for on-the-fly 
pedestal subtraction. The pedestal values may be downloaded or obtained 
by selecting the pedestal calibration mode. 

F432 
Time-to-Digi ta l Converter 

Contact Us Now For More Information 

K i n e t i c S y s t e m s I n t e r n a t i o n a l S . A . E u r o p e 

HOME OFFICE 
3 chemin Taverney 
LeG rand-Sacon nex 
CH-1218 GENEVE, Suisse 
Tel: 22 798 4445 
FAX: 22 798 05 25 

GERMANY 
Mozartsrasse 21 
D-7800 Freiburg 
West Germany 
Tel: 761 33 265 
FAX: 761 232 46 

U.S.A. 
11 Maryknoll Drive 
Lockport, Illinois 60441 
Tel: (815) 838 0005 
TWX: 910 638 2831 
FAX: (815) 838 4424 
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How to visit CERN 
Comment visiter le CERN 

Organized visits take place only on Saturdays, at 9.30 a.m., 
and/or 2.30 p.m. The visits last about three hours and are free. 
The minimum'age limit is 16 years. 

Les visites commentees ont lieu seulement le samedi a 9 h. 30 
et/ou 14 h. 30. Elles durent environ trois heures et sont 
gratuites. La limite d'age minimum imposee est de seize ans. 

Please write or call: CERN 
Ecrire ou telephoner: Visits Organization / Organisation des visites 

1 2 1 1 GENEVA 2 3 Switzerland 
Tel. 0 2 2 / 7 6 7 4 0 5 2 or/ou 7 6 7 41 0 2 
Telex 4 1 9 0 0 0 CER 
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ICE (Initial Cooling.Experiment) ring 
at CERN completed its investiga­
tions of beam cooling techniques. 
40 ICE magnets, containing 4 4 0 
tons of steel and 20 tons of cop­
per, were shipped to Uppsala in 
the summer of 1983. ICE had in­
herited its magnets f rom the fa­
mous g-2 experiments at CERN to 
measure the anomalous magnetic 
moment of the muon, so they are 
now enjoying a third lease of life! 

Celsius has four arcs and four in­
tervening straight sections for in­
ject ion, beam diagnostics, cooling 
and acceleration, and targets. In ini­
tial tests, 70 MeV protons were 
stored last November. Current ma­
chine development is aimed at 
beam acceleration, 600 MeV hav­
ing been achieved without major 
problems. 

A particular concern wi th accel­
eration is that the solid-core (un-
laminated) magnets' eddy currents 
require compensation wi th appro­
priate programming of the main 
and some auxiliary power supplies. 
Pickup coils to monitor the magnet­
ic field and fix the correct power 
supply pattern are built into all 
magnets in one quadrant. Accelera­
tion time is usually 10-20 seconds. 

A multi-turn injection scheme 
wi th t w o ferrite magnets creates a 
closed orbit bump, gradually de­
creasing during injection. CERN's 
PS Division helped wi th all the in­
jection elements, especially the 
septum magnet, a CERN-built copy 
of a unit of the LEAR low energy 
antiproton ring at the Geneva Labo­
ratory. 

A stripper foil is envisaged for 
the first bending magnet for 
charge-exchange injection. An elec­
tron cooling device, being built at 
Stockholm's Royal Institute of 
Technology, will be installed this 
summer for improving beam reso­
lution and lifetime. In the same 

straight section as the cooler is a 
radiofrequency cavity (range 0.4 -
5 MHz) for beam acceleration or 
deceleration. This unit and its beam 
control system was also built at 
the CERN PS. 

An experimental station, wi th 
cluster-jet target, fibre target and 
common scattering chamber, has 
been installed in one straight sec­
t ion. The cluster-jet consists of a 
differentially pumped beam source 
where gas is pushed through a 
cooled nozzle. After passing a 
skimmer and a set of collimators, 
the beam enters the scattering 
chamber, and is finally collected in 
a cryogenic beam dump. The oval 
target beam at the intersection 
wi th the Celsius beam, 250 mm 
from the nozzle, is 8 mm along the 
stored beam and 5 mm across. 
Target thicknesses of 3 x 1 0 1 4 , 
5 x 1 0 1 3 and 2.4 x 1 0 1 3 atoms per 
sq cm have been obtained for hy­
drogen, nitrogen and argon 
respectively. Gas pressure in the 
scattering chamber wi th the target 
beam is 10~7 mbar. 

Fibre targets may be used in the 
scattering chamber, and fibres of 
carbon, molybdenum and tungsten 
and of carbide compounds show 
promise. First nuclear reactions 
have been seen using a 7-micron 
carbon fibre, and luminosities are 
estimated to be in the range 1 0 3 0 -
1 0 3 2 cm" 2 s" 1 . 

The Celsius particle physics pro­
gramme requires a hydrogen tar­
get, high luminosity, and free ac­
cess for detectors. A 'pellet' tar­
get, wi th the stored beam exposed 
to a spray of 10-50 micron frozen 
hydrogen or deuterium droplets, is 
being developed by the inter­
national W A S A (Wide Angle 
Shower Apparatus) collaboration 
(Osaka/Stockholm/Studs-
v ik/Swierk/Uppsala/Warsaw). The 
goal is to study rare meson de­

cays. 
Ultra-thin targets are also essen­

tial for the CHIC (Celsius Heavy Ion) 
collaboration (Bergen/Catania/Co-
penhagen/Gothenburg/Greno-
ble/Lund/Saclay/ Uppsala/War­
saw) looking at intermediate energy 
reactions. Very slow recoils (30-
200 keV/A) can be studied, and 
the possibility of measuring all sec­
ondary fragments in a full solid-an­
gle detector opens up the possibili­
ty of studying nuclear phase transi­
t ions. 

CHALK RIVER 
More superconducting 
beams 

At the Tandem Accelerator Super­
conducting Cyclotron (TASCC) at 
the Canadian Chalk River Laborato­
ry, two-thirds of the operating time 
has been given to a full range of 
experiments, the remaining time 
since completion of four major ex­
perimental beamlines (December 
1988, page 18) having been re­
served for cyclotron development. 

The four-sector spiral-ridge cy­
clotron was designed for radiofre­
quency operation in both 0- and pi-
mode. In the former all four 'dees' 
are in phase, while in the latter, 
pairs of dees are driven (pi radians) 
out of phase. 

Initial operation in this mode 
gave troublesome currents, but 
after improving the internal cooling 
a 5.12 MeV per nucleon beam of 
iodine-127 was produced. 

Recent additions to 0-mode 
beams have included silver-107 at 
5.6, 6.5 and 10 MeV per nucleon, 
and bromine-79 at 6.5 MeV per 
nucleon. 
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TUNON 
n°l europeen de Paccueil 
vous ouvre de nouveaux debouches 

UNE FORMATION SPECIFIQUE 
EN 1,2, ou 3 ANS - 22 ECOLES 

• HOTE ET HOTESSE TUNON 
• ATTACHE(E) DE 

RELATIONS PUBLIQUES 
• TECHNICIEN(NE) 

S U P E R I E U R ( E ) 
DU TOURISME 
AGENT DE VOYAGES 
RECEPTIONNISTE D'HGTEL 
PERSONNEL COMPAGNIE 
AERIENNE 

• ATTACHE(E) 
COMMERCIAL(E) 

CREDIT SPECIAL ETUDIANT 

ECOLE I N T E R N A T I O N A L E 
T H U A M FONDEE EN 1964 
I UraUni ENSEIGNEMENT SUPERIEUR PRIVE 

2, rue Vallin 1201 Geneve Tel. (022) 32 83 20 
22ECOLES DANS LE MONDE : PARIS - BORDEAUX - CAEN - LILLE - LYON - MARSEILLE - MONTPELLIER 

NANCY - NANTES - PAU - REIMS - STRASBOURG - TOULOUSE - TOURS - ARNHEM - BARCELONE 
BRUXELLES - GENEVE - LA HAYE - MADRID - MONACO - ORLANDO 

TRIUMF 
MESON RESEARCH FACILITY 

University of Alberta 
Simon Fraser University 
University of Victoria 
University of British Columbia 
Competi t ion # 5 8 8 - 0 4 9 

Physicist in 
Experimental Particle Physics 

TRIUMF has an opening for a Physicist in Experimental Particle Physics. 
The posit ion implies a component of support service, but the candidate is 
also expected to carry out independent research. 

Duties wil l include the development and operat ion of facil it ies for particle 
physics experiments at TRIUMF - initially, the large acceptance pair 
spectrometer for the Radiative Muon Capture Experiment. The selected 
candidate wil l also act as a support person for outside users want ing to 
use this facil i ty, and wil l be expected to part icipate in exper iments, and 
contr ibute to the formulat ion of new proposals. 

The successful candidate wil l have a recent Ph.D. in Nuclear or Particle 
Physics, and a broad experience in experimental techniques w i th empha­
sis on detectors, data acquisi t ion, and associated electronic equipment, 
as wel l as data analysis and simulat ion. Salary wil l be commensurate w i th 
experience. 

Initially, the appointment wil l be for t w o years, but the successful appl i­
cant wil l be subject t o considerat ion for a continuing appointment . 

Curriculum vitae, including an outl ine of recent experience and re­
search interests, a list of publ ications and three letters of refer­
ence should be sent before JULY 1 5 , 1 9 8 9 t o : T R I U M F Person­
nel (Competit ion # 5 8 8 ) , 4 0 0 4 Wesbrook Ma l l , Vancouver, 
B.C., C A N A D A V 6 T 2 A 3 . 

We offer equal employment opportunities to qualified 
male and female applicants. 

PAUL SCHERRER INSTITUT 

Experimental Physicist 
A p o s i t i o n is avai lable f o r an expe r imen ta l phys ic i s t at t he 
Paul Scher rer Ins t i tu te ( fo rmer l y S IN , S w i s s Ins t i tu te f o r 
Nuclear Research) . 

PSI o p e r a t e s a 6 0 0 M e V i s o c h r o n o u s c y c l o t r o n w h i c h is 
used t o p r o d u c e a n u m b e r o f m e s o n b e a m s . T h e p o s i t i o n 
is ini t ial ly avai lab le f o r t h ree yea rs . 

The success fu l cand ida te w i l l be e x p e c t e d init ial ly t o par­
t i c ipa te in e x p e r i m e n t s us ing a n e w large so l id angle de tec ­
t o r (LADS) f o r t h e s t u d y o f p ion -nuc leus in te rac t ions . 

A d d i t i o n a l i n f o r m a t i o n can be o b t a i n e d f r o m : 
Dr. Q. Ing ram (Tel . 0 5 6 / 9 9 3 2 5 8 ) * 

A p p l i c a t i o n s , con ta in i ng cu r r i cu lum v i t ae , l ist o f pub l i ca ­
t i ons and re fe rences s h o u l d be sen t as s o o n as poss i b l e , 
bu t no t later t han Ju l y 1 0 , 1 9 8 9 t o : 

PSI 
PAUL SCHERRER INSTITUTE 
Personnel Division 
CH-5232 Villigen 
PSI/Switzerland 
Code 666 

P O S T D O C T O R A L 
F E L L O W 

The Lawrence Berkeley Laboratory 's (LBL) 
Physics D iv i s ion invi tes appl icat ions for a 
postdoctora l pos i t ion f r o m ind iv iduals 
interested in devo t i ng the ma jo r part o f 
their research t ime in the next f ew years to 
the design and d e v e l o p m e n t o f SSC detec­
tors. There w o u l d also be an oppor tun i t y 
to par t ic ipate in one of the hadron co l l ider 
exper iments (CDF or D O ) in w h i c h LBL is 
a co l labora t ing ins t i tu t ion . 

Interested candidates shou ld send a letter 
of app l i ca t i on , a c u r r i c u l u m vi tae and the . 
names and addresses o f three potent ia l ref­
erences (Specify Job B/5264) to : 

Professor G . H . Trilling 
Physics Division 

C / O Gloria Bayne 
Employment Of f ice , Bldg; 9 0 - 1 0 4 2 

#1 Cyclotron Road 
Berkeley, CA 9 4 7 2 0 

A n Equal O p p o r t u n i t y Employer, M /F /H . 

I B 
LAWRENCE 
BERKELEY 
LABORATORY 
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People and things 

At the recent school and workshop on su-
perstrings at Trieste's International Centre 
for Theoretical Physics, David Gross of Prin­
ceton (left) was presented with the Dirac 
medal awarded to him last year. The presen­
tation was made by Antonino Zichichi 
(right). Centre is ICTP Director Abdus Salam. 

UK Institute of Physics Awards 

Among the UK Institute of Physics 
A wards for this year are the Gu­
thrie Medal and Prize to Cambridge 
astrophysicist Martin Rees for his 
many outstanding contributions to 
cosmology, and the Paul Dirac Me­
dal and Prize to Oxford theoretician 
Roger Penrose for his work on 
'black holes' and his pioneering ef­
forts to reconcile relativity and 
quantum field theory. 

High Energy Physics Group 

The UK Institute of Physics High 
Energy Physics group was formed 
in autumn 1985 through the initia­
tive of Brian Foster (Bristol) and Ro­
bin Devenish (Oxford) who felt that 
high energy physicists should play 
a more prominent role in the na­
tional physics community, particu­
larly in the wake of the Ken drew 
report. The group now has 358 loP 
members and runs regular half-day 
meetings around the country (many 
in collaboration with other special 
interest groups of the loP) in addi­
tion to the two-day annual review 
meeting. Another very important 
activity is its newsletter - currently 
edited by David Binnie at Imperial 
College. At its latest meeting Peter 
Kalmus (Queen Mary College, Lon­
don) was elected to replace Robin 
as group chairman and Norman 
McCubbin (Rutherford Appleton) to 
replace Brian as secretary. Other 
members of the committee for the 
coming year are John Allison (Man­
chester), David Binnie, Ken Bowler 
(Edinburgh), Peter Clarke (Brunei), 
Mike Green (Royal Holloway, Lon­
don), Chris Sachrajda (Southamp­
ton), Terry Sloan (Lancaster) and 
Peter Watkins (Birmingham). 

Emilio Segre 1905-1989 

Emilio Segre died on 22 April. As 
one of Enrico Fermi's earliest colla­
borators in the 1930s, he looked at 
the effects of neutron bombard­
ment. In 1937, he discovered the 
missing element 43, subsequently 
named technetium, in a sample of 
irradiated molybdenum brought 
back from Berkeley. Evicted from 
his Palermo position, he took up 
residence in the US, going on colla­
borate in the epic Berkeley work on 
the synthesis of transuranic ele­
ments before moving to the Man­
hattan Project. 

In peacetime, new particle accel­
erators wrested the experimental 
initiative from cosmic ray studies. 
In 1954, the new Berkeley Beva-
tron became the world's highest 
energy machine. The early 1930s 
had seen the discovery of the posi­
tron, antimatter counterpart of the 
electron. Dirac had also hinted that 
the proton too should have its anti-

particle, and the Bevatron's energy 
of 6.2 GeV promised that if the an-
tiproton existed, then the machine 
could make them. Segre, with 
Owen Chamberlain, found the first 
examples the following year, their 
discovery meriting them the 1959 
Nobel Physics Prize. After several 
years in Rome in the mid-70s, 
Segre returned to Berkeley. 

Massive neutrinos 

More than fifty years after its pre­
diction and thirty years after its dis­
covery, still nobody knows for sure 
whether neutrinos have mass -
only limits exist. Thus a useful ad­
dition to the literature is 'The Phy­
sics of Massive Neutrinos', by Bo­
ris Kayser, with FranQoise Gibrat-
Debu and Frederic Perrier, pub­
lished by World Scientific. Massive 
particles can be just as fascinating 
as massless ones. 
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ACCELERATOR SCIENTISTS AND ENGINEERS 
Argonne National Laboratory wil l be entering the construct ion phase of its 7-GeV Advanced Photon Source (APS) Project. The 
APS is a state-of-the-art synchrotron x-ray source optimized to produce insertion-device radiation. APS accelerator facilities 
comprise a 7-GeV low-emit tance positron storage ring 1100 m in circumference, a 7-GeV synchrotron, a 450 -MeV positron 
accumulator ring, a 450 -MeV positron linac, and a 200-MeV electron linac. The challenges of building the facility offer great 
potential for professional g rowth for scientists and engineers in the fo l lowing areas: 

ACCELERATOR SCIENTISTS 
Several posit ions at various appointment levels are available for candidate wi th experience and interest in accelerator design, 
including computer simulation of beam dynamics, calculation of coupling impedance and collective effects, particle tracking 
simulation, lattice design, vacuum and surface physics, beam diagnostics, and magnetics and magnet design. Appointment 
level will depend on the candidate's experience. Entry-level or postdoctoral posit ions will be available. 

ELECTRICAL ENGINEERS 
T w o senior posit ions are available, requiring an advanced engineering degree and at least ten years' experience in design and 
construction of large particle accelerators. Work experience in accelerator-type magnets and/or power supplies is highly 
desirable. W e also have several posit ions requiring BSEE and a minimum of five years' experience in the fo l lowing areas: 
• Design and power electronics • Mult i-ki lowatt power supplies • Low-level fast electronics • Beam diagnostics. 

MECHANICAL ENGINEERS 
A senior-level posit ion is available, requiring an advanced ME degree at least ten years' experience in mechanical engineering 
aspects, such as ultra-high vacuum and structural design, of the design and construct ion of large particle accelerators. W e 
also have several openings requiring a BSME and a minimum of five years' experience in the fo l lowing areas: 
• Survey and alignment techniques • Ultra-high vacuum systems • Mechanical design of magnets »»Shop fabrication 
practices. 

You will receive a competi t ive salary and a superior benefits package which includes medical/dental insurance, 9 % contr i­
bution to your retirement annuity, 24 days paid vacation, and 10 paid holidays each year. Please forward your resume in 
confidence t o : R.A. J O H N S , Appointment Officer 

Box J - A P S - 8 8 , Employment and Placement 
A R G O N N E N A T I O N A L LABORATORY AflGQNNC 
9 7 0 0 South Cass Avenue 
USA - A R G O N N E IL 6 0 4 3 9 ^ / A E 

Argonne is an equal opportunity/affirmative action employer. 

PRECISION 
SURVEY 
ENGINEER 
CEBAF, the Continuous Electron Beam Accelerator Facility, 
under construction until 1994 in Newport News, Virginia, will be 
a wor ld-c lass scientific laboratory centered around a high -
intensity, continuous wave electron beam, which will provide a 
unique capability for nuclear physics research. 

We seek a technical and managerial leader of precision align­
ment and survey activities. You will: 

• Specify the system used to align several thousand devices 
to a 200 micron tolerance. 

• Prove the adequacy of the system using computational 
simulation. 

• Utilize the latest instruments, technology, and data 
handling methods. 

• Staff-up, train, lead your team. 

M.S. level degree in precision survey, geodesy, or a closely 
related Civil Engineering f ield. A minimum of five years of 
progressively increasing responsibilities in the survey and align­
ment of major extended systems, such as particle accelerators 
or other large mul t i -component systems which have to be held 
to significantly sub-mil l imeter tolerances. 

For prompt consideration, please send resume, with salary his­
tory to: Employment Manager, CEBAF, 12000 Jefferson 
Avenue, Newport News, VA 23606. 

The Continuous Electron Beam Accelerator Facility 

An Equal Opportunity, Affirmative Action Employer 

THE INSTITUTE OF PARTICLE PHYSICS 
OF CANADA 

The Institute of Particle Physics of Canada (IPP) invites applica­
t ions for the position(s) of 

Research Scientist 
in experimental particle physics 

Candidates should have three years of post-doctoral experience 
and a demonstrated record of accomplishment. 

The Research Scientist appointment is associated wi th an aca­
demic posit ion at a Canadian university and includes the right to 
hold research grants and to supervise graduate students. Such 
an appointment may lead to permanence after three years of 
employment. 

The current progam of IPP includes the fo l lowing experiments: (i) 
e+e~ collisions in the Y region (ARGUS at DESY); (ii) relativistic 
heavy ion collisions at the CERN SPS (HELIOS); (iii) e+e~ colli­
sions at LEP (OPAL); (iv) e+e~ collisions at SLC (SLD); (v) e-p 
collisions at HERA (ZEUS). Future projects may include partici­
pation in an SSC detector. 

The choice of experiment and university affiliation will be deter­
mined by mutual agreement between the candidate and the 
IPP. 

Interested persons are invited to apply, including Curriculum 
Vitae and the names of three references t o : 

D.G. Stairs, Chairman, The Institute of Particle Phy­
sics, Rutherford Physics Building, McGill University, 
3 6 0 0 University Street , Montreal , Quebec H 3 A 2 T 8 , 
Canada. 

Applications should be received before August 3 1 , 1 9 8 9 . In 
accordance wi th immigration regulations, preference will be 
given to citizens or permanent residents of Canada. 
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Kent Terwilliger 

Kent Terwilliger 

Kent Terwilliger from the University 
of Michigan died in February. He 
was a pioneer in experimental parti­
cle physics and one of the group at 
MURA that developed in the mid-
1950s the first ideas on colliding 
beams. He is well known for his 
work at CERN's Intersecting Stor­
age Rings to increase luminosity by 
superposing particle equilibrium or­
bits using special Terwilliger qua-
drupoles'. In recent years he has 
been one of the world's experts on 
polarized proton beams (see page 
23). He helped on many commit­
tees formulating US particle phy­
sics policy, was an esteemed 
teacher and warmly regarded 
friend. 

Soviet physicist Andrei Sakharov (left) re­
cently received an honorary doctorate from 
Bologna University. With him on the podium 
are (left to right) University Rector Fabio 
Roversi-Monaco, Faculty of Science Chair­
man Sergio Focardi, Astrophysics Depart­
ment Director Alessandro Braccesi, and An­
ton i no Zichichi, chairman of the university's 
honorary degree nomination committee. 

• Participants at the recent symposium 'The 
Fourth Family of Quarks and Leptons', 
organized by UCLA and held in Santa Moni­
ca, California. The summary talk was given 
by Lev Okun of Moscow (kneeling, third 

from right, with meeting organizer David 
Cline of UCLA on his right). 

(Photo Kimberley J. Willis, UCLA) 
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Colliding towards world collaboration 

Particle physics has blazed the 
trial for international scientific 
collaboration, and regional 
centres, such as CERN, cater for 
a well-defined need. With an eye 
to the future, ambitious schemes 
are continually being developed 
for so-called 'World Machines' -
supported and used by scien­
tists from the entire planet. 

Speaking at the recent Euro­
pean Physical Society Seminar 
on International Research Facili­
ties, held in Zagreb, Yugoslavia, 
Maurice Jacob of CERN pointed 
out how the new emphasis on 
colliding beam machines is 
bringing about world collabora­
tion of its own accord. 

'It is clear that when a unique 
machine is built in a particular re­
gion, it attracts users from all 
over the world. This was the 
case for CERN's Intersecting 

Storage Rings and proton-anti­
proton collider, and is even 
more so for the LEP electron-po­
sitron collider now nearing com­
pletion. (At the seminar, CERN 
Research Director John Thresher 
described LEP progress.) 

World agreement for con­
struction of these machines 
would have been difficult, if not 
impossible, but nevertheless the 
scientific merit of an experiment 
outweighs national, or even re­
gional, interests. 

Now a new factor is becom­
ing clear. While in fixed target 
work experiments and detectors 
can come and go as new requi­
rements emerge, the successful 
exploitation of an expensive col­
lider needs complete detectors 
ready to intercept the first collid­
ing beams. The ratio of the cost 
of these sophisticated detectors 

and the cost of the machine it­
self is increasing with energy -
about 40 per cent for LEP. 

Future colliders may still be 
built and operated by a particular 
region, but the construction of 
its detectors will be spread 
across the worldwide research 
community. In this sense, a 
'world machine' is coming about 
in an 'adiabatic' way, shortcut-
ting many traditional political and 
administrative obstacles. The 
approach taken for the HERA el­
ectron-proton collider being built 
at the German DESY Laboratory 
in Hamburg, with specific parts 
of the projects being underwrit­
ten by foreign participation, and 
sharing many points in common 
with the financing of the LEP de­
tectors, is another pointer.' 

Participants at the recent meeting on 'Critical 
Phenomena in the Early Universe' at the S.N. 
Bose National Centre for Basic Sciences, 
Calcutta, India, organized in collaboration 
with Calcutta's Variable Energy Cyclotron 
Centre. 
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12.002 E 

Sandwich-type semi-chamber 
for 

CERN experiment UA.1 

We provide easily built-in 
safety in Know-how. 

composite 
construction type manufacture. 

Please request detailed infor­
mation. Mr H. Mauch will be glad 
to advise you personally 

We offer a range that is based 
on 30 years' experience and 
know how through successful 
collaboration with field specia­
lists. 

Stesalit AG 
Kunststoffwerk 
C H - 4 2 3 4 Zullwil SO Telefax 0 6 1 / 8 0 0 6 0 4 
Telephone 0 6 1 / 8 0 0 6 0 1 Telex 9 6 3 1 8 2 

V M E H A R D W A R E 
D E S I G N E R S 

Teen in t is Italy's leading supplier of advanced 
technology modules and systems. Tecn int f s 
comprehensive product line includes VME and PC 
solutions, offering high performance real-time 
applications under UNIX/OS-9, a full range of 
VME modules in industrial and MIL temperature 
ranges, and high quality PC industrial modules. 
The company has an impressive track record and 
is part of the Riva Finanziaria group of 
companies. 

Tecnint is seeking qualified candidates for 
full-time positions for the design and development 
of VME bus boards. Job location is at the 
company's headquarters in Verona, Italy. An 
attractive salary is offered, fringe benefits include 
free housing and company car. 

Please send letters of application, incuding a CV to: 

Mr L. Fusina - Marketing Manager 
TECNINT - Via Germania, 13 - 37136 Verona • Italy 

or for further information contact Thomas Myit at: 
OMNICALC in Geneva, Switzerland, Tel (022) 44 09 50 

High Energy Physics 
Research Associates 

There are vacancies for Research Associates to 

work with groups in high energy physics. Groups 

from the Rutherford Appleton Laboratory are 

working on experiments at CERN, DESY, ILL and 

SLAC. There is in addition a vacancy in the HEP 

Theory Group. 

Candidates should normally be not more than 

28 years old. Appointments are made for 3 years, 

with possible extensions of up to 2 years. RAs are 

based at the accelerator laboratory where their 

experiment is conducted, and at RAL, depending 

on the requirements of the work. Most exper­

iments include UK university personnel with whom 

particularly close collaborations are maintained. 

For an application form please contact 

Recruitment Office, Personnel and Training 

Division, Rutherford Appleton Laboratory, 

Science and Engineering Research Council, 

Chilton, Didcot, Oxon 0X11 OQX, England. Tel: 

(0235) 445435, quoting reference VN758. 

Rutherford Appleton Laboratory 
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RESIDENCE 
DIVONNE 

CENTRE 

ET L'ENVIE DE RESTER... 
de profiter encore et toujours de votre residence. 

Luxueux appartements, du studio au 7 pieces, piscine, pare de plaisance, 
cour a I'ancienne et commerces. 

Residence Divonne Centre 

DIVONNE 

FRANCE 

I AEROPORT GENEVE 

BUREAU DEVENTE SUR PLACE: 

naef 
r a n e e 

agence immobilize 

Residence Divonne Centre 
10, Grand-Rue, Batiment A 
01220 Divonne-les-Bains 

Telephone 023/50202575 



SINGLE PHOTOELECTRONS? 
HIGH GAIN d1 => 70% SINGLE ELECTRON RESOLUTION 

A complete range of fast 2" PMTs for physics and industry 

PMT 
Number 

of 
stages 

(ns) 
t\/V 
(ns) 

a t 
(ns) 

A t c e 

(ns) 
pulse 

linearity 
(mA) 

XP2262 12 2,0 3,0 0,50 0,70 250 

XP2242B 6 1,6 2,4 — 0,70 350 

XP2020 12 1,5 2,4 0,25 0,25 280 

XP2262 facilitates multiplier noise 
discrimination 
t r 

tw 

a t 

anode pulse rise time for a 
delta light pulse 
anode pulse duration 
FWHM for a delta light 
pulse 
transit time spread for 
single electron mode 
transit time difference 
centre-edge 

Philips Components, Building BAF2, 5600 MD 
Eindhoven, The Netherlands. Telex 35000 phtcnl/nl jeveo. 

STILL SETTING THE STANDARD 

P H I L I P S PHILIPS 



Wandel &Goltermann 
Electronic Measurement Technology 

Y o u r a c e - i n - t h e - h o l e : 
S N A - 2 S p e c t r u m a n d 
N e t w o r k A n a l y z e r 
From 100 Hz to 180 MHz 

A hand with all the right cards is every 
player's dream. That's what you get with 
the SNA-2 Spectrum and Network Ana­
lyzer. The SNA-2 is versatile; it can 
handle spectrum analysis and scalar or 
vectorial network analysis. Comprehen­
sive display formats are part of a winning 
hand, so we included Smith charts and 
polar display. And the SNA-2 has the 
ace-in-the-hole when the going gets 
tough. Easy-to-read results and clearly 
structured, menu-driven operation are 
what technicians demand. Make the 
SNA-2 your choice for the next hand. 

Wandel &Goltermann (Schweiz) AG, Postfach 254 
3000 Bern 25, Tel. 031-426644, tlx. 912350wgch 

• Please send information about the SNA-2 

• Please arrange for a sales engineer to call 

Name 

Company 

Street 

Town 

Telephone no E2.89/VMW/01/BW/CH 
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WHO'S AT THE SOURCE OF ENERGY FOR 
PARTICLE ACCELERATION AND FUSION? 
Thomson Tubes Electroniques! 

We're a world class supplier of very high energy 
sources for particle accelerators and plasma heating. 
Our innovative technologies and worldwide capability 
make us the right partner to meet your special needs in 
these areas. 

We have the experience and expertise to design 
and manufacture solutions that perfectly meet your 
specifications: from tubes to amplifying chains and 
complete turnkey transmitters, as well as windows and 
other RF components. Of course, every solution 

benefits from advanced Thomson technologies guaran­
teeing high performance, reliability and long life. 

That's why Thomson Tubes Electroniques has been 
chosen for some of the world's most recent and 
demanding projects: LEP, JET, TORE SUPRA, ESRF, 
ALS, LNLS... and others. 

O T H O M S O N TUBES 
ELECTRONIQUES 

France : BOULOGNE-BILLANCOURT Brasi l : SAO-PAULO Canada : MONTREAL Deutschland : MUNCHEN Espana : MADRID Hong-Kong : WANCHAI 
Tel.: (33-11 49 09 28 28 Tel. = (55-11) 542 47 22 Tel. = (1-514) 874 00 88 Tel. = (49-89) 78 79 -0 Tel.: (34-1) 405 19 15 Tel.: (852-5) 865 32 33 
Fax: (33-1) 46 04 52 09 Fax: (55-11) 61 50 18 Fax: (1-514) 874 40 76 Fax: (49-89) 78 79 -145 Fax: (34-1) 404 60 02 Fax: (852-5) 865 31 25 

I nde : NEW DELHI I ta l ia : ROMA J a p a n : TOKYO Sverige: TYRES0 United Kingdom : BASINGSTOKE U.S.A.: T0T0WA, NJ 
Tel.: (91-11) 644 7883 Tel.: (39-6) 639 02 48 Tel.: (81-3) 264 63 46 Tel.: (46-8) 742 02 10 Tel.: (44-256) 84 33 23 Tel.: (1-201) 812-9000 
Fax: (91-11) 644 7883 Fax: (39-6) 639 02 07 Fax: (81-3) 264 66 96 Fax: (46-8) 742 80 20 Fax: (44-256) 84 29 71 Fax: (1-201) 812-9050 
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