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LEP commissioning 

Initial Zs in LEP, as seen by the four 
tors. 

LEP 
there be lepton Z! 
The particle physîcs scène 
this summer w a s domi-
nated by the commissioning 
of CERN's new LEP élec­
tron-positron collider and 
the continuîng effort by oth-
er experiments to contri-
bute to the physics of the 
W and Z particles, the car­
riers of the w e a k nuclear 
force. 

As this issue w e n t to 
press, LEP w a s producing 
its first Z particles and oth-
er experiments w e r e an-
nouncing important new W 
and Z results in this rapidly 
developing physics sector. 
More news in the October 
issue. 

On 14 July, as ail France cele-
brated the bicentenary of its révo­
lution, CERN was the scène of a ré­
volut ion of a very différent kind. A t 
16.30 hrs, a 20 GeV posi tron 
beam went round the 27 kilo­
mètres (most of which is under 
French territory) of CERN's new 
LEP électron-positron storage ring. 
Af ter more than a décade of careful 
planning and préparation, almost 
six years after groundbreaking, and 
t w o years after the start of equip-
ment installation, the LEP team de-
livered on the day they had to ld 
people to mark five years ago. 

Following this first injection of 
posi trons, priority was to commis­
sion the beam observation moni-
tors. After the first measurements 
of the beam trajectory, the machine 

Jubilation in the LEP control room. 
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Electrons and positrons for LEP are provided 
by CERN's complex of interconnected accél­
éra tors. 

LINACS 

physicists were making the first 
corrections. Several days later first 
particles were captured wi th the ra-
diofrequency System. 

Injection from the SPS had initial-
ly encountered some difficulties in 
the standing-wave radiofrequency 
cavities used for accelerating parti­
cles for LEP, but this was soon 
fixed and there was a steady beam 
of positrons. Both électrons and 
positrons were accelerated and ex-
tracted on the four lepton cycles, 

and the transfer line feeding élec­
trons to LEP was commissioned, 
although no particles were injected 
at first. Circulating électrons made 
their appearance in LEP on 25 July. 

On 27 July positrons were accu-
mulated and stored, the intensity of 
the stored LEP beam increasing 
over the fol lowing days from 20 to 
250 microamps. On 3 August, at­
tention turned to électrons once 
more, wi th particles being stored. 
Later that day, positrons were ac­

celerated f rom 20 to 47.5 GeV 
without loss. 

Beam currents built up steadily, 
wi th positron beam reaching 700 
and électrons 300 microamps over 
the next few days. On 11 August 
the low beta System came into ac­
tion to squeeze the beam in the 
collision points, and there was 
enough confidence to go for a pilot 
physics run wi th 45.5 GeV colliding 
beams. By 14 August each of the 
four big experiments - L3, Aleph, 
Opal and Delphi - had seen their 
first Z particles. LEP was in busi­
ness. 

During this t ime, the faithful SPS, 
using subtle interleaving of accélér­
ation cycles, continued to supply 
protons for a full programme of 
fixed target physics at the same 
time as providing LEP with its élec­
trons and positrons. 

Before arriving in LEP, the élec­
trons and positrons have already 
corne a long way, having transited 
CERN's unique complex of inter­
connected accelerators. The parti­
cles are manufactured by the LIL in-
jector - positrons from an initial 
200 MeV high current électron li-
nac providing électron-positron 
pairs f rom photon conversion, wi th 
a second linac taking électrons and 
positrons to 600 MeV. They are 
then stored in the EPA accumulator 
before being passed to the PS 
synchrotron for accélération to 3.5 
GeV. Using the same beamlines as 
the proton-antiproton collider 
scheme, the particles are then fed 
into the SPS for accélération to 20 
GeV, ready for injection into LEP. 

The commissioning featured reg-
ularly updated computer news bul­
letins. Wi th accurate and up-to-
date information readily available, 
enthusiastic LEP followers could 
monitor progress without having to 
pester colleagues who had their 
hands full. 
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Forerunner of LEP. Frascati's 60-cm radius 
Ad A électron-positron collider achieved the 
first électron-positron collisions, at 250 
MeV per beam, in 1963. Ad A was sub­
séquently moved to the French Orsay Labo-
ratory. 

Electron beam 
machines turn full 
circle 

With the commissioning of CERN's 
27-kilometre LEP électron-positron 
collider, the wor ld 's largest élec­
tron ring is now in opération. It is 
almost certain that no larger élec­
tron ring will ever be built, although 
larger machines (for example the 
proposed US SSC Superconducting 
Supercollider, wi th a circumference 
of 84 kilomètres) to handle protons 
are on the drawing board. 

To attain higher électron éner­
gies, physicists are now convinced 
that linear machines and new tech­
niques are needed. The history of 
électron storage rings thus spans 
only about a quarter of a century. 

In the late 1950s, machine phy­
sicists' attention was turning to the 
possibility of using storage rings to 
fire two particle beams against 
each other to obtain higher collision 
énergies. (In firing a single beam 
against a fixed target, most of the 
beam energy is ' lost ' in the target 
recoil.) For thèse ideas, the tide 
had turned against protons, and 
physicists were looking at the ea-
sier-to-stack électrons. 

Three projects got underway. A t 
Stanford, where the Mark III linear 
accelerator already supplied élec­
trons, a Princeton (Gerry O'Neill, 
Bernie Gittelman) and Stanford (Pief 
Panofsky, Burt Richter) collabora­
tion was looking to collide the 500 
MeV électron beams held in t w o 
rings. At the Soviet Novosibirsk 

At the Soviet Novosibirsk Laboratory in 
May, Director A.N. Skrinsky cuts the cake 
marking the 25th anniversary of the first el-
ectron-electron collision in the VEP-1 ma­
chine. 
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Laboratory, Gersh Budker's team 
started work on VEP-1, a pair of 
rings to collide 160 MeV électrons. 

However at Frascati in Italy, Bru­
no Touschek had a différent plan. 
By using électrons and their anti-
matter counterparts, positrons, he 
realized that the t w o beams could 
be held in a single ring, being 
brought together at designated col­
lision points. This idea had both 
physics and économie advantages. 
The pilot machine, A d A (Annello 
d'Accumulazione), wi th a circum-
ference of four mètres, supplied its 
first 250 MeV colliding beams in 
1963. 

The fol lowing year saw electron-
electron collisions wi th the VEP-1 
and Princeton-Stanford machines. 
As well as pioneering a new ap-
proach to particle physics, thèse 
machines also probed new energy 
frontiers in the quantum electrody-
namical description of inter-elec-
tron forces, and discovered the 
beam-beam effects which still limit 
collider performance. 

A workshop 'Beam-Beam Ef­
fects in Circular Colliders' was held 
at Novosibirsk in May, organized 
by the ICFA Beam Dynamics Panel. 

Tunnel vision 

From the outset, the design of 
CERN's new LEP électron-positron 
collider foresaw a large space in 
the tunnel, enough for a second 
ring to be mounted above LEP it-
self. To handle protons, the project 
for this second ring is called LHC -
Large Hadron Collider. 

To steer the high energy protons 
on their course in this ring would 
need powerful superconducting 

magnets, capable of being 
' ramped' to keep in step wi th the 
accelerated particles. The energy 
of LHC would be governed by the 
steering power of thèse magnets, 
and the CERN Long Range Planning 
Group, led by Carlo Rubbia, now 
CERN's Director General, had un-
derlined the importance of a devel-
opment programme to push for 
fields of 8-10 tesla. 

Developed by a collaboration between CERN 
and the Austrian firm Elin-Union, a one-
metre, 5 cm bore superconducting dipole 
wound with niobium-tin attained a central 
magnetic field of 9.5 tesla, a world record 
for this type of magnet. 

One line of attack uses niobium-
titanium coils wi th a classical insu-
lation, but requiring cooling wi th 
superfluid hélium at about 1.8 K. In 
a collaboration between Ansaldo 
(Italy) and CERN, a one-metre, 5 
cm bore single aperture dipole de-
signed for 8 tesla opération at­
tained fields above 9 T (June 
1988, page 13, and November 
1988, page 10). 
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This magnet used 12.6 mm ca­
ble based on the superconducting 
wire developed for the proton ring 
of the HERA electron-proton collid-
er, now being built at the German 
DESY Laboratory in Hamburg. It 
preceded the construction of four 
magnets wi th similar geometry, but 
wi th the twin apertures needed to 
accommodate the t w o beams of a 
proton-proton collider. Thèse will 
use 17 mm cable for 10 tesla maxi­
mum design field. Featuring spécial 
technical solutions, thèse four mag­
nets are being manufactured by 
four différent European concerns. 

The second approach uses 17 
mm niobium-tin superconducting 
cable, operating at normal liquid 
hélium température (4.2 K). Due to 
the brittleness of the niobium-tin 
compound (NbsSn) and the relative-
ly sharp bending required, the su­
perconducting compound can only 
be formed in the excitation coils by 
high température reactions after 
winding. The 'wind and react' tech­
nique, used before on a smaller 
scale, was fostered at CERN by 
Alfred Asner of the SPS Magnet 
Group. 

The magnets, and particularly 
the insulation of the coils, need to 
be robust, having to withstand the 
thousand degree température 
swing between 700° C (for the nio­
bium-tin reaction) and the cryogén­
ie operating levels, together wi th 
the mechanical and dielectric 
stresses encountered in coo ldown, 
excitation and quenching. 

In 1986, a collaboration began 
between CERN and the Austrian 
firm Elin-Union, wi th the former 
providing the 'wind and react' tech-
nology and the niobium-tin cables, 
and the latter manufacturing the 
magnets. A M A G (Austria) joined 
the project, studying and supplying 
the aluminium alloy collars and 
shrinking cylinder. 

In June, the first one-metre, 5 
cm bore'dipole wound with nio­
bium-tin was successfully tested at 
CERN, attaining a bore field of 9.45 
tesla at 4.3 K after a few 
quenches. The maximum field at 
the cable was 10.05 tesla, wi th 
current densities at the 15.05 kA 
excitation level of 346 and 436 
ampères per sq mm in the inner 
and outer coil layers respectively. 

Previously, a 'mirror' dipole of 
similar dimensions but containing 
only a single niobium-tin excitation 
coil (the second being replaced by 
a magnetic steel mirror insert) at-
tained in February a magnetic field 
of 10.2 tesla wi th an excitation 
current of 17.45 kA. 

For both model magnets, the su­
perconducting cables were sup-
plied by Vakuumschmelze (Germa-
ny). 

Thèse results, both for niobium-
titanium and niobium-tin, are wor ld 
record magnetic fields for accelera-
tor-type dipole magnets and bode 
well for ongoing progress. The 
project has been led by A. Asner 
(now retired) and R. Perin at CERN 
and by S. Wenger and F. Zerobin 
for Elin. 

LEP PHYSICS 
How many types 
of neutrino? 

One of the major outstanding tasks 
in physics is to count of the num-
ber of différent types of neutrinos 
allowed in Nature. 

Today's Standard Model of phy­
sics sees six types of quark, 
grouped pairwise into three 'génér­
ations'. Although the long-awaited 
sixth ('top') quark has not yet been 

seen, physicists are confident that 
it will turn up. 

Wi th each quark-pair génération 
belongs another particle (electrical-
ly charged 'lepton') interacting 
through electromagnetism and the 
weak nuclear force of radioactive 
beta decay. The lightweight élec­
tron (0.5 MeV) # together wi th the 
first génération of 'up ' and ' down ' 
quarks make up everyday nuclear 
matter. 

The t w o subséquent quark gén­
érations ('strange' and 'charm', and 
'beauty' and ' top') provided exotic 
nuclear matter in the extrême tem­
pératures of the Big Bang which 
began the Universe. This matter 
can be synthesized using high ener-
gy particle accelerators or cosmic 
rays. The corresponding heavier 
générations of charged leptons are, 
respectively, the muon, some 200 
times heavier than the électron, 
and the tau, some 17 times heavier 
still. 

Completing the scorecard of 
basic particles are the lightweight 
(perhaps massless) neutrinos, re-
leased wi th a charged lepton each 
time one quark beta decays into 
another. The three types of neutri­
no, each associated with a spécifie 
quark-pair génération and tagged 
by the corresponding charged lep­
ton, appear to be immutable. AH 

This is the second article in a 
séries outlining the physics 
objectives of CERN's new LEP 
électron-positron collider, 
now beginning opération 
(page 1). The first article 
(July/August, page 1) des-
cribed the search for the elu-
sive but vital 'Higgs' symme-
try-breaking mechanism of to­
day's electroweak theory. 
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"In vacuum connectors 
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the détails hke Huntington. 
They build 'em better." 

Why Huntington's a better buy. 
Just put a Huntington vacuum fitting next to anyone else's 
and see the différence... 

First, Huntington's is shinier. Because it's gone through 
a spécial Summapvocess, to make it chemically cleaner, 
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You'll feelthe Huntington différence, too: Smooth, 

TheOtherWay. 

Others build 6-way fittings out ofsix separateplates. With lots of 
welding, lots ofpotential leaks. Huntington machines each 6-way 
cube outofa forged block of304 stainless. With no welding, no leaks. 

machined-radius corners — instead of the sharp, quick-cut 
corners the other brands have. 

And every Huntington flange is machined to the very 
tightest tolérance. Out of 1 0 0 % 3 0 4 stainless steel— 
foundry-certifled to corne from the middle of the "pour" 
for highest purity and uniformity. 

Find exactly what you need. Get it fast. 
You can choose from the broadest sélection and size range 
in the industry... 

Vac-U-Flat franges in rotatable, non-rotatable, 
double- sided and zéro -length- adapter styles. Plus, ASA, 

wire-seal and clamp-type speed franges. In OD's from 1.33 
to 4 1 inches. 

And, of course, a full spectrum of fittings: elbows, tees, 
crosses, cubes, nipples, quick-couplings. Also, flexible 
couplings, adapters and flex-hoses. 

Since Huntington keeps more product in stock, they ship 
faster, too. Over 9 0 % of their orders ship within 7 2 hours. 

Better value for 
the same dollars. 
With their superior 
qualityandbroader 
sélection, you might 
expect Huntington con­
nectors to costmore... 

The Better Way. 

They don't. And you can easily prove that by giving 
Huntington a call. 

Free catalog: covers ail your vacuum needs. 
Huntington is not just connectors — it's valves, positioners 
and everything else you need in vacuum components. Ail 
built better. And it's ail in the big new catalog... 

For your free copy just call or write: Huntington 
Laboratories, 1 0 4 0 L'Avenida, Mountain View, CA 9 4 0 4 3 . 
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Générateur - synthétiseur 
SMGU / SMHU 
• Gamme de fréquence 100 kHz...2,1 6 

(4, 32) GHz 
• Haute pureté spectrale 
• Temps de réglage de fréquence < 1 ms 

pour systèmes agiles 
| • Balayage en fréquence, niveau et mémoire 
3 • Modulation de fréquence large bande 

0...1 MHz 
• Préparé pour futurs systèmes de modulation 

digitale 
• Télécommande CEI 625-1 (IEEE 488) 

SCINTILLATION DETECTORS 
OFF THE SHELF 

Mounted crystals and complète assemblies for 
x-ray and gamma ray détection. 
# Materials include Nal (Tl), CsIfTl), 

ZnW0 4 BGO etc. 
# Standard sizes from stock. 
# Range of sizes and configurations. 
# Laboratory and industrîal applications. 
# Specials to order. 
Hilger Analytical Limited 
Westwood Margate Kent CT9 4JL 
Tel: 0843 225131 Fax: 0843 224402 Télex: 96252 
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the évidence so far suggests that 
neutrinos stay electron-type or 
muon-type, or tau-type, never 
switching their allegiance. 

A précise indication of the num­
ber of neutrino types allowed in 
Nature would provide a good check 
on the Standard Model and put 
many cosmology and astrophysics 
ideas on a firmer foot ing. 

The 1987 supernova and calcu­
l i o n s of primordial nucleosynthe-
sis (the fusion of light nuclei - deu-
terium, hélium, lithium - f rom the 
protons and neutrons emerging 
from the Big Bang) suggest that 
there is room for about three types 
of neutrinos. But the limit is not ri-
gid and one more type could be 
squeezed in without too much diffi-
culty. 

New high energy électron-posi­
tron colliders such as CERN's LEP 
machine and Stanford's SLC linear 
collider provide a fresh lever on the 
number of neutrino types, and the 
big experiments at thèse colliders 
will sharpen up our knowledge of 
the Big Bang. 

Neutrinos and the Z 

The initial objective at LEP is to 
open up the supply of Z particles -
the electrically neutral carriers of 
the weak nuclear force. Since it 
was discovered at CERN in 1983, 
getting on for a thousand examples 
have been found in proton-antipro­
ton annihilations at CERN and at 
Fermilab, and in électron-positron 
annihilations at Stanford's new SLC 
linear collider (June issue, page 1, 
and this issue, pages 6 and 9). LEP 
aims to make a few thousand Zs 
per day, even under initial running 
conditions. 

If the Z were a stable particle, it 
would be a sharply defined réson­
ance - to find it, électron-positron 

The constituents of matter as we know 
them. A quartet of particles (two quarks and 
two leptons) make up our everyday world. 
Two heavier additional quartets corne into 
play at the higher énergies of astrophysics 
or in particle accelerators. Counting the 
number of neutrino types provides a good 
check on the completeness of this picture. 
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collisions would have to be préci­
sion tuned to the right energy. 
However because of its rôle in 
weak interactions, the Z is far f rom 
stable, decaying into oppositely 
charged leptons, or a quark and an 
antiquark, or a pair of neutrinos. As 
a resuit, the Z is slightly smeared 
out. Like a radio station, it has a 
definite bandwidth, wi th recogniza-
ble signais coming in across a well 
defined range, spread around a 
central maximum. 

The shape and extent of the Z 
provide vital information about the 
particle's properties, and an initial 
task, both at SLC and LEP, is to 
scan across the low 90 GeV ener­
gy range and measure the Z profile. 
A t LEP, the aim is to pin down the 
width to 50 MeV or better using 
précision techniques to fix the en­
ergy to within about 10 MeV. The 
profile is also affected by known 
processes (radiative corrections) 
and a comprehensive programme 
of calculations will offset thèse ef-
fects before extracting the final re­
suit. 

Wi th each neutrino type ex-
pected to contribute 170 MeV of 
bandwidth, a good estimate of the 
number of neutrino types should 
émerge fairly rapidly. However any 
unaccounted-for bandwidth could 
signal extra neutrino species or 
other new particles. 

released energy-momentum on op­
posite sides, any mismatch is inter-
preted as being due to an other-
wise invisible particle escaping the 
detector. 

Twenty-f ive years ago, in the 
context of new thinking on ways to 
accelerate électrons to high éner­
gies, some Moscow theorists 
pointed out another way to look 
for neutrinos. A small fraction of 
the events would be accompanied 
by a single, visible, photon recoil-
ing against the neutrinos, providing 
a direct means of counting neutri­
nos. 

However to be workable, this 
method needs energy. The results 
emerging so far f rom the lower en­
ergy électron-positron colliders PEP 
(Stanford, particularly from the ASP 
experiment) and PETRA (DESY, 
Hamburg) provide only a few ev­
ents, not enough to give an abso-
lute fix on the number of neutrino 
types. In better shape is the TRIS­
TAN collider at the Japanese KEK 
Laboratory, where the increased 
collision energy boosts the recoil 
photon level sixfold. 

However, the advent of Z facto-
ries at Stanford's new SLC linear 
collider and LEP at CERN gives a 
much higher level of photons, each 
one recoiling against a pair of neu­
trinos. The total number of thèse 
events is proportional to the num­

ber of neutrino species. Thèse re­
sults will provide a useful complé­
ment to the estimate coming from 
the measurement of the Z's width. 
Soon we should know exactly how 
many types of neutrino exist. 

Meanwhile new Z results from 
SLC and f rom the experiments at 
the CERN and Fermilab proton-anti­
proton colliders prépare the ground 
(see fol lowing stories). 

Reçoit photons in électron-positron annihila­
tions - a way of seeing otherwise invisible 
neutrino pairs. 

Another way to look for neutrinos 

Catching neutrinos is difficult - a 
low-energy neutrino can pass 
through light-years of absorber and 
still émerge at the other side, al-
though the chances decrease as 
the neutrino energy increases. 
Modem detectors measure neutri­
nos by the 'missing mass' method, 
intercepting ail the 'visible' prod-
ucts of a particle collision. Pooling 
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Appareil maniable pour 
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Tous les utilisateurs, 
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• Un set contient: 1 outil 

200 clips nylon 
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letoutremplaçable! 
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Fr.85.-
(îCHA exclus) 
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Z results 

'There is a résonance hère!' A scan of the 
électron-positron annihilation rate around 91 
GeV at the SLC Stanford Linear Collider 
shows the sharp peak of the Z particle. 

While waiting for the first 
mass production of Z parti­
cles at CERN's new LEP élec­
tron-positron collider, fresh 
results on the properties of 
this particle corne from Stan­
ford's SLC linear électron-po­
sitron collider and from 
CERN's and Fermilab's pro­
ton-antiproton colliders. 

The Z, the electrically neu-
tral carrier of the weak nu-
clear force, was first seen at 
CERN's proton-antiproton col­
lider in 1983, leading to the 
award of the Physics Nobel 
Prize to Carlo Rubbia and Si­
mon van der Meer the follow-
ing year. From then until the 
first Z results from Fermilab 
last year, ail the world supply 
of information on this particle 
came from the big UA 1 and 
UA2 experiments at the CERN 
collider. As thèse fresh Z re­
sults came in, theorists began 
to speculate on the possibility 
of the long-awaited sixth 'top' 
quark being heavier than 100 
GeV. Combined with other 
measurements, précision 
fixes of the Z mass provide 
valuable input. 

STANFORD 
A new look at the Z 

On June 21 physicists working on 
the SLC Stanford Linear Collider an-
nounced initial results on the pro­
perties of the Z particle, the first to 
corne f rom électron-positron anni­
hilations. 

Speaking at the Topical Confér­
ence of the SLAC Summer Insti-
tute, Chris Hearty of Berkeley re-
ported the Z mass/width analysis 

of the Mark II Collaboration, based 
on a sample of 106 events re-
corded during the previous three 
months. 

The Mark II is an 1800-ton parti­
cle detector built and operated by a 
collaboration of physicists f rom 
Caltech, Johns Hopkins, Berkeley, 
SLAC, and the Universities of Cali-
fornia (Santa Cruz), Colorado, Ha­
waii , Indiana and Michigan. Since 
the SLC began producing Z parti­
cles in April (see June issue, page 
1), the Mark II physicists have 
measured the électron-positron 
reaction rate (cross-section) at six 
values of the total (électron plus 
positron) energy between 89.2 and 
93.0 GeV. 'As you can see, there 
is a résonance here,' deadpanned 
Hearty as he showed data peaked 
about 91 GeV. 

Three fits were made to thèse 
data, the best-fit Z mass being 
91.11 ± 0.23 GeV. The uncertain-

ty is dominated by random errors 
due to counting statistics and will 
corne down wi th additional data-
taking. Wi th ten thousand Zs in 
hand, the quoted error should drop 
to 0.04 GeV, the absolute accuracy 
wi th which the SLC energy is 
known. 

This first batch of data gives up-
per limits on the Z width and num­
ber of light neutrinos - 3.1 GeV 
and 5.5 respectively. An order of 
magnitude increase in the number 
of Zs will improve thèse limits sub-
stantially. 

Following Hearty, Tim Barklow 
of SLAC covered Z decays. In this 
first sample of hadronic decays, 
the number of 3-jet and 4-jet ev­
ents were consistent wi th expecta-
tions. The ratio of leptonic to ha­
dronic decays came in larger than 
expected, but no firm conclusions 
could be drawn from this limited 
data sample. 
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The Z as seen by the CDF detector at the 
Fermilab Tevatron. 

FERMILAB 
One year Tevatron run 
The Fermilab 1988-89 900 GeV on 
900 GeV proton-antiproton collider 
run was successfully ended on 1 
June, having started on 20 June 
last year! During this period the ac-
celerator supplied a wor ld record 
of 9590 inverse nanobarns of colli­
sions to the CDF detector. Beam 
was stored for over 4257 hours, 
and peak luminosity was about 
2.06 x 1 0 3 0 . The best integrated 
luminosity in one week was 518 
inverse nanobarns. During the run 
there were 925 stores, of which 
133 were ended intentionally, the 
average length of those stores end-
ing by failure being 9.48 hours. 

Last June, the goal had been to 
collect 1 inverse picobarn ( 1 0 3 6 

cm" 2) of integrated luminosity on 
tape. Reality tumed out even better 
than expectations, and about 4.7 
units had been collected by the 
time the run ended. 

A friendly compétit ion between 
shift crews to see who could write 
the most data to tape in a single 
eight-hour shift resulted in a record 
of 26 inverse nanobarns, almost as 
much as was collected during the 
entire 1987 run. The record for a 
single week was about 0.3 inverse 
picobarn to tape. 

To cope wi th this high perfor­
mance, the experiment used a tr ig-
ger System with four levels. Levels 
0, 1 and 2 were debugged last 
summer and were fully operational 
by September. The event rejection 
power of the Level 3 trigger Sys­
tem, consisting of about 50 A d ­
vanced Computer Program (ACP) 
nodes, was steadily increased dur­
ing the run, eventually attaining a 
factor of about 3. 

Events passing the Level 3 tr ig­
ger were writ ten to magnetic tape 

for offline analysis - a total of 
about 5500 9-track tapes, contain-
ing about 6 million events. Offline 
event reconstruction on a large 
scale began on two 65-node ACP 
Systems operated by the Fermilab 
Computing Department at the start 
of the year. 

However to get an early look at 
interesting physics, certain event 
types were selected for full recon­
struction in a spécial production cy­
cle. Based on a preliminary event 
sélection, about 600 Z decays into 
électron-positron pairs and about 
5000 W decays into an électron 
and a neutrino were identified, and 
the search for the elusive sixth 
' top ' quark was begun. 

The first resuit to émerge is the 
mass of the Z. Using the entire 4.7 
inverse picobarn data sample, the 
CDF resuit, based on 64 Z decays 
into électron-positron pairs and 
132 into muon pairs, is 90.9 ± 

0.3 ± 0.2 GeV, consistent wi th 
the earlier measurements by the 
UA1 and UA2 experiments at 
CERN's proton-antiproton collider, 
but wi th improved magnetic analy­
sis. 

The continuing data analysis will 
keep the CDF group busy until the 
next Collider run begins in 1991 . 

CERN 
Record antiproton 
performances 

CERN's 1988-9 antiproton opéra­
tions were separated by a three-
month shutdown at the beginning 
of this year. In t w o three-month 
runs, the SPS supplied 7810 in­
verse nanobarns of proton-antipro-
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Around 
the 
Laboratories 

ton collisions (3372 of which were 
in the 1988 run) over a total stored 
beam time of 2450 hours (1206 in 
1988). 

(The performance of a colliding 
beam machine is measured by its 
luminosi ty ' - the number of parti­
cles per second in one beam times 
the number of particles per unit 
area intercepted in the other beam. 
In particle collisions, areas are 
measured in terms of 'barn' units 
of 10~ 2 4 sq cm, the term deriving 
f rom a physics remark by Niels 
Bohr - 'as easy as hitting a barn'. 
For particle collisions, a barn is gi-
gantic - millibarns and nanobarns 
are the norm. Accumulated colli­
sion data is metered by 'integrated 
luminosity', expressed as inverse 
nanobarns or inverse picobarns - a 
thousand of the former being équi­
valent to one of the latter.) 

Peak SPS collider luminosity oc-
curred on 25 May wi th 2.95 x 1 0 3 0 

per sq cm per s. The best resuit 
f rom a single store was the 97 in­
verse nanobarns on 7 June, but 14 
May had seen 120 inverse nano­
barns in a single day. The longest 
SPS store lasted for 45.5 hours. 

Upstream, the antiproton supply 
attained new highs. The endurance 
record for a stack in the A A anti­
proton accumulator was almost 48 
days. A best of more than 1 0 1 2 

particles came on 8 June, and a 
peak hourly stacking rate of 5.8 x 
1 0 1 0 on 28 May. Thèse perfor­
mances underlined the success of 
the ACOL project in upgrading 
CERN's antiproton capacity. 

Physics dividends will émerge in 
the coming months. One resuit was 
the new record low antiproton én­
ergies (see page 23). 

A t the International Lepton/Pho-
ton Symposium held at Stanford in 
August, the UA2 collaboration 
gave new results for the masses of 
both the Z and W particles. 

While the Z has become the bu­
siness of the LEP and SLC électron-
positron colliders, thèse machines 
do not yet have enough collision 
energy to form the electrically-
charged W s , which would have to 
be produced in pairs. Thus W in­
formation from the experiments at 
the proton-antiproton colliders will 
continue to provide important phy­
sics input. 

* See page 37 

SUPERCOLLIDER 
Update* 

With final fédéral funding décisions 
still in the pipeline, the US Depart­
ment of Energy's January confirma­
tion of the Ellis County, Texas, site 
for the proposed US Superconduct­
ing Supercollider (SSC) was accom-
panied by a promise of some 
$1 ,000 million of Texas state con­
struction money. The 84 kilomètre 
ring to collide 20 TeV (20,000 
GeV) proton beams would be built 
underground about 40 km south of 
Dallas, within easy reach of Dallas-
Fort Wor th airport, in a semirural 
setting of flat and gently rolling 
prairies. 

Construction and opération of 
the SSC would be managed for the 
Department of Energy by the Uni­
versi tés Research Association 
(URA), the consortium of 72 uni­
versi tés which currently opérâtes 
Fermilab. For the SSC venture, 
URA has t w o industrial partners -
EG and G Inc, which provides engi­
neering, logistic and other technical 
support, and the Sverdrup Corp., 
wi th extensive expérience in the 
management of large construction 
projects. 

Roy F. Schwitters of Harvard, 
co-spokesman of the Collider De­
tector at Fermilab (CDF) group, and 
a member of the team which dis-
covered the hidden charm of the 
J/ps i particle at Stanford's SPEAR 
électron-positron ring in the mid-
70s, has been named Laboratory 
Director. 

Appointed Deputy Laboratory Di­
rector and Construction Project 
Manager is Richard Briggs, formerly 
Associate Director for the beam re-
search and magnetic fusion energy 
programmes at Livermore. The 
Magnet Division will be led by Tho-
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On 21 June, DES Y Director Volker Soergel 
started the welding to join the first two su­
perconducting magnets in the proton ring of 
the HERA electron-proton collider being built 
at the Germa n DESY Laboratory in Hamburg. 

mas Bush, formerly wi th Science 
Applications International Corp. 
Helen Edwards, formerly Head of 
Fermilab's Accelerator Division, will 
be Head of the SSC Accelerator 
Systems Division. 

The SSC team is assembling at 
new temporary headquarters in 
Dallas, wi th the Central Design 
Group migrating f rom Berkeley. 
(The address is 2 5 5 0 Beckley-
meade Avenue, Dallas, Texas 
75237 , téléphone (214) 708 -9000 , 
bitnet SSCVX1). 

Appointed to the SSC's scien-
tific policy committee are T. Appel-
quist (Yale), K. Berkelman (Cornell), 
L. Di Lella (CERN), J . Friedman 
(MIT), H. Harari (Weizmann), L. 
Lederman (Chicago/Fermilab), T. 
Nishikawa (KEK), L. Okun (ITEP, 
Moscow), R. Palmer (Brookhav-
en/SLAC), D. Perkins (Oxford), W . 
Press (Harvard), J . Rees (SLAC), D. 
Stairs (McGill), S. Ting (MIT), R. 
Turlay (Saclay), and S. Weinberg 
(Austin, Texas). 

SSC experiments are expected 
to attract more than 1,000 physi­
cists f rom ail over the wor ld . Plans 
for selecting the first round will be 
developed with input f rom the 
scientific policy committee and the 
users. In addition, an international 
programme advisory committee 
will be set up. 

Précise dates for examining first-
round expérimental proposais will 
be set in the fall after the first 
meeting of the scientific policy 
committee, however a tentative 
plan calls for letters of intent by 
next May, wi th final proposais by 
May 1991 . 

Part of the Texas state support 
includes $ 1 0 0 million for physics 
research by qualified scientists, 
based on national peer review 
(further information f rom Edward C. 
Bingler, Executive Director, Texas 
National Research Laboratory Com­

mission, 1801 N. Hampton Road, 
Suite 252 , De.Soto, Texas 75115). 

A symposium on SSC physics 
and experiments will be held in Dal­
las from 1-4 October, where the 
SSC status, opportuni tés for new 
physics, expérimental programme 
plans, and possibilities for inter­
national coopération will ail be re-
viewed. Participants will also be 
able to see the Ellis County site and 
savour the famous Texas hospitali-
ty (further information from Linda 
Hill, Meeting Management Asso­
ciates, 4 1 0 0 McEwan, Suite 1 0 1 , 
Dallas, Texas 75244 , téléphone 
(214) 386-9403) . 

DESY 
HERA progress 

The 246 superconducting quadru-
poles for the proton ring of the 
HERA electron-proton collider have 
been delivered to the German 
DESY Laboratory in Hamburg. 
About half were built by Alsthom 
(France) as a French contribution to 
the HERA project. The remaining 

half were built by German industry 
- the coils wound and clamped by 
Interatom-KWU and the magnets 
assembled by Noell. Superconduct­
ing cable was supplied by Va-
kuumschmelze. Besides the 1.8 m 
quadrupole magnet, a 12-pole per­
sistent current correction coil, a su-
perferric dipole correction magnet 
and, in some cases, a superferric 
correction quadrupole are installed 
in the quadrupole cryostat. 

Design of the quadrupoles, de-
velopment of production tooling 
and prototype construction were 
carried out at the French Saclay 
Laboratory. Saclay staff, in collabo­
ration wi th DESY, also supervised 
industrial construction. 

So far some 160 of thèse mag­
nets have passed their stringent 
acceptance tests at liquid hélium 
températures. Field quality is better 
than required and the magnets at-
tain a short sample current limit of 
7500 A, well above the 5026 A 
needed for storing 820 GeV pro­
tons in HERA, ail wi th little or no 
training. It is a test imony to the 
careful Saclay design and the excel­
lent industrial workmanship that ail 
the magnets tested so far meet the 
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First cell of HERA, with bending magnets, 
quadrupoles and many other components of 
the proton ring already mounted above the 
électron ring. 

(Photos J. Schmidt - DESY) 

spécifications and wil l be installed 
in the 6.4 kilomètre ring tunnel. 

On 3 July, when proton ring in­
stallation work was interrupted for 
three months to al low further com-
missioning of the adjacent électron 
ring (where first particles were 
stored in August 88), 82 supercon­
ducting quadrupoles and 10 super­
conducting dipoles were in place. 
A forthcoming report wil l cover 
séries production of the dipoles in 
Italy and Germany. The convent ion-
al magnets to guide HERA's pro­
tons over almost a kilomètre 
around the interaction points have 
also been installed. 

The fourfold transfer line (con-
structed by Linde, w i th Babcock as 
subcontractor) to feed hélium liquid 
and gas to the superconducting 
magnets is in place. The 1.6 kilo­
mètre segments linking the North 
and South expérimental halls w i th 
the central réfrigération plant are 
now operational and provide cool-
ing for testing the superconducting 
solenoid coils of the H1 (North hall) 
and Zeus (South hall) experiments. 

In the meantime the DESY III 
proton synchrotron (January/Fe-

bruary issue, page 15) and its Linac 
III injector have been tested and are 
ready to produce 7 GeV protons 
for transfer to the PETRA ring, their 
next point of call en route to HERA. 

SACLAY 
Krypton from Saturne 
A t the beginning of June, the Sa­
turne synchrotron at Saclay accel-
erated and supplied its f irst beams 
of krypton ions (mass 84). 

Af ter the commissioning of the 
MIMAS booster/accumulator ring 
last year (May 1988, page 5), Sa­
turne can provide high intensity 
beams of polarized (spin oriented) 
particles and a range of ion beams 
extending f rom carbon to krypton. 

The ions, produced by an EBIS-
type source at 12.5 keV per nu­
cléon, are then accelerated by a ra-
diofrequency quadrupole (RFQ) to 
the MIMAS injection energy of 
187.5 keV per nucléon. In storage 
mode, M IMAS can take, for exam­
ple, up to seven puises of nitrogen 
spaced by 4 0 mill iseconds. After 
adiabatic capture, the stack is 
taken to 12 MeV per nucléon and 
then transferred by kicker magnets 
during Saturne ramping, wi th 100 
percent recapture. 

To limit 187.5 keV ion losses by 
charge exchange on residual gas, a 
single puise of krypton 30+ is used 
(production t ime 120 ms). In the 3 
x 10~ 1 1 torr vacuum in MIMAS and 
3 x 10~9 in Saturne, no losses are 
observed. 

Maximum énergies are f ixed by 
Saturne's characteristics and by 
the charge state of the ions at 3 
GeV for protons and about 3 0 

The Saturne ring (top) at Saclay, fed by the 
MIMAS booster/accumulator (below) has 
supplied its first beam of krypton ions. 
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MeV per nucléon for krypton 30+ . 
Wi th thèse beams Saturne pro­
vides a useful w indow for the 
study of nuclear matter. 

During the krypton run, extrac­
tion attained 20 per cent, allowing 
5 x 1 0 7 charges per burst at 1 Hz 
for physics. Machine setting was 
carried out in t w o phases, wi th an 
initial dense nitrogen 5+ pilot beam 
being used to tune the t w o syn-
chrotrons. 

The beam intensity and reliability 
provided excellent expérimental 
conditions. A team using the SPES 
IV spectrometer is studying the 
rôle of the incident ion energy in 
peripheral collisions. The results 
will show whether, at 200 MeV per 
nucléon, pure fragmentation -
breakup of projectiles and target 
without déposition of energy - is 
dominant, or whether there is still 
room for the energy dissipation 
seen below 100 MeV per nucléon. 

MOSCOW 
Looking at rare 
decays 

The first stage of a new study of 
some rare decays of negatively-
charged pions and kaons has been 

completed by scientists of the In-
stitute for Nuclear Research of the 
Soviet Academy of Sciences, Mos-
cow. The experiment used the IS-
TRA apparatus to take data f rom 
1984-8 using a secondary beam of 
the 70 GeV proton synchrotron at 
the Institute for High Energy Phy­
sics, Protvino, Serpukhov. 

In the decay of a pion into an él­
ectron, a neutrino and a photon the 
structure of the quantum mechani-
cal amplitude includes the t w o cur-
rents (vector and axial vector) of 
the weak nuclear interaction. The 
structure of this amplitude is es-
sential for other meson radiative 
decays (such as a kaon into t w o 
pions and a photon). 

Theoretical arguments (con-
served vector current) link the vec­
tor current contribution to the de­
cay of a neutral pion into t w o pho­
tons, but the axial vector part 
needs input. 

In the Moscow experiment, the 
decay products of negatively 
charged pions and kaons of mom-
enta 17 and 25 GeV/c respectively 
were analysed over a wide angular 
range. The ratio of axial vector to 
vector contributions was obtained 
as 0.41 ± 0 . 2 3 , excluding a néga­
tive value reported in previous ex­
periments, and an independent es­
timate obtained for the vector cou-
pling of the pion. The branching ra­
tio (relative decay probability) for 

The ISTRA apparatus used by an Institute 
for Nuclear Research, Moscow, team work-
ing at the 70 GeV proton synchrotron at the 
Institute of High Energy Physics, Protvino, 
Serpukhov, to study rare decays of pions 
and kaons. S dénotes scintillation counters, 
and C Cherenkov counters with photomulti-
plier readout developed at IHEP. Decay 
products in the vacuum volume DV were de-
tected by proportional chambers (PC), a 
wide-aperture Cherenkov (C4), and the Sp 
total absorption spectrometer containing 
480 lead-glass éléments. 

this type of pion decay was meas­
ured as 1.61 ± 0 . 2 3 x 10" 7 . Branch­
ing ratios were also measured for a 
range of kaon decays. 

Additional éléments (magnet 
spectrometer, hadron calorimeter 
and muon identifier) have been ad-
ded to the ISTRA setup, and the 
new ISTRA-M version will go on to 
make further investigations of rare 
kaon decays. 

CONFERENCE 
Elastic and diffractive 
scattering 

Elastic scattering, when particles 
appear to 'bounce' off each other, 
and the related phenomena of 
diffractive scattering are currently 
less fashionable than the study of 
hard scattering processes. How­
ever this could change rapidly if un-
expected results f rom the UA4 ex­
periment at the CERN Collider (Jan-
uary/February 1988, page 32) are 
confirmed and their implications 
tested. 

Thèse questions were high-
lighted at the third 'Blois Work-
shop' on Elastic and Diffractive 
Scattering, held early in May on the 
Evanston campus of Northwestern 
University, near Chicago. (The title 
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Some members of the Moscow Institute for 
Nuclear Research team near the ISTRA lead-
glass spectrometer (see page 18) - left to 
right, O.M. Isakova, V.V. Isakov, V.A. Le-
bedev, V.N. Marin, A.A. Poblaguev, V.E. 
Postoev, and experiment leader V.N. Bolo-
tov. 

stems from the inaugural meeting 
held four years ago at the Château 
de Blois.) 

The thème of this year's work-
shop was the interface of 'soft ' 
and 'hard' processes in quantum 
chromodynamics (QCD, the candi­
date theory of quark dynamics - in 
this context soft and hard respect­
ively mean small and large trans­
verse momenta, according to 
whether the interactions occur on 
the surface or deep inside the 
struck protons). 

Improved understanding of QCD 
has motivated ambitious theorists 
to look at the elastic and diffractive 
arena. At présent this translates 
into a variety of daims (and count-
er-claims) that calculations based 
on QCD can explain a variety of ef-
fects. Summarizing the meeting, P. 
Landshoff declared that there was 
'much more dynamics than at Blois 
in 1985' - a trend he found very 
encouraging. 

Opening the meeting, André 

Martin reviewed the status of elas­
tic scattering, emphasizing the im­
portance of continuing experi­
ments. Many important ideas can 
be tested, even though précise pré­
dictions are not always available. 
The measurement of the total 
cross-section (reaction rate) at Fer-
milab's Tevatron Collider by experi­
ment E710 has been eagerly 
awaited fol lowing the excitement 
generated by the CERN resuit. If 
the CERN resuit (a large real part of 
the scattering amplitude) antici­
pâtes a 'new threshold' then a 
large cross-section is expected at 
Fermilab énergies. 

R. Rubinstein presented prelimi-
nary E710 results for the total 
cross-section of colliding 900 GeV 
proton and antiproton beams -
85.5 millibarns (± 6.4) compared 
with 56.1 mb (±4 .7 ) for 150 GeV 
beams. Since the errors at the t w o 
énergies are correlated (with the lu-
minosity) and the lower energy va­
lue fits well wi th other results, the 

central value of 85.5 mb could 
have more significance than the 
large error implies. It is consistent 
wi th the new threshold interpréta­
tion of the UA4 resuit but is not 
large enough to unambiguously ré­
solve the issue. The systematic er­
ror due to the luminosity is soon 
expected to corne down. 

Theorists arguing that the rising 
total cross-section reflects an in-
creased production of ' jets' - nar-
row sprays of particles due to 
'hard' constituent quark interac­
tions - included B. Margolis, M. 
Ryskin, N. Nikolaev, F. Halzen, I. 
Sarcevic, L. Durand, and P. Kluit. 
Ryskin described the 'Leningrad 
Programme', claiming that pertur-
bative QCD is indeed 'valid for 
large cross-section processes at 
high energy because the character-
istic transverse momenta of gluons 
(quarks) increase wi th energy'. 
Halzen appealed to cosmic rays to 
argue that above total collision én­
ergies of 4 TeV (4000 GeV), ail ev-
ents have jets. 

Theorists arguing that the domi­
nant contribution to the rising 
cross-section is a 'soft ' mechanism 
(the Pomeron) included P. Land­
shoff, C. Tan, A. Capella and J. 
Tran Thanh Van. A. White argued 
that within QCD, jets may be domi­
nant over some energy range but 
new particle states might appear at 
higher transverse momenta. 

M. Schub reviewed results from 
the CDF detector at Fermilab, 
pointing out that the increase in 
transverse momentum with energy 
is due mainly to the production of 
low transverse momentum parti­
cles. N. Morgan described related 
results f rom E735, an experiment 
searching for évidence of quark-
gluon plasma. 

T. Meyer reviewed the extensive 
programme of (double Pomeron) 
studies from CERN's Intersecting 
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Roy Rubinstein - preliminary results for the 
elastic scattering of 900 GeV protons and 
antiprotons. 

Storage Rings, where virtual states 
intrinsically présent in the vacuum 
are 'k icked ' into reality when t w o 
protons glance past each other. M. 
A lb row outl ined possible exten­
sions of thèse experiments using 
mult i -TeV proton beams at pro-
posed new coll iders. C. Peroni des-
cribed additional diffractive physics 
— Pomeron-photon coll isions — at 
the HERA electron-proton collider 
now being built at the German 
DESY Laboratory in Hamburg. 

Cosmic ray results were re-
v iewed by T. Gaisser w h o empha-
sized the model dependence in-
volved in extracting the proton-pro­
ton cross-sect ion f rom the pro ton-
air data. G. Yodh looked at exotic 
cosmic ray events, in particular the 
excess muons produced by what 
are apparently high energy pho­
tons. 

K. Goulianos gave a gênerai re-
v iew of dif fract ion. A l though it was 

disappoint ing to have no new ex­
périmental results on diffractive 
product ion processes, although the 
UA8 experiment at CERN was not 
represented at the meeting and al­
though the CDF collaboration is still 
deep in analysis, this did not seem 
to hinder theoretical spéculations. 

From Alan White 

CERN 
Real cool antiprotons 

CERN and Fermilab are the wor ld ' s 
t w o major sources of ant iprotons 
for physics experiments. A t 
CERN's ant iproton complex, opera-
tional since 1 9 8 1 , the particles 
have been taken as high as 4 5 0 
GeV per beam. A t Fermilab, where 
first ant iproton beams appeared in 
1985, the énergies are regularly 
ramped to 8 0 0 GeV. 

However CERN has several 
strings to its ant iproton bow. The 
LEAR low energy ant iproton ring 

takes the particles d o w n to kinetic 
énergies of 5.9 MeV for a unique 
range of experiments. For the spé­
cial physics object ives of a Har-
va rd /Ma inz /Wash ing ton team - to 
s low d o w n ant iprotons as much as 
possible to measure their static 
propert ies - even thèse subdued 
énergies are far t oo high. 

Ultra- low energy charged part i­
cles are usually caught and stored 
in Penning t raps, where an elec-
trostat ic quadrupole field locks the 
normal cyclotron magnetic field ré­
volut ions. Using such a t rap, a lone 
électron was once kept for ten 
mon ths ! 

The thermal vibration of t rapped 
particles is of ten suppressed by a 
cold 'buffer ' gas, however this 
technique is unsuitable for ant ipro­
tons , which quickly annihilate w i th 
the protons and neutrons of ordina-
ry nuclei. Instead, a gas of élec­
t rons at cryogénie températures 
(4.2K) surrounds the ant iprotons 
and absorbs their thermal energy. 

Robert Tjoelker (Harvard) exults at achieving 
cryogénie antiprotons in an experiment at 
CERN's LEAR low energy antiproton ring. 
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In the experiment at CERN, anti­
protons f rom LEAR are channeled 
into a séries of cylindrical élec­
trodes inside a 6 T magnetic field 
and a gas of ultracold électrons. 
The voltage applied to the final él­
ectrode makes ultracold particles 
turn round in the magnetic field and 
head back towards the first élec­
trode. A t the right moment, a few 
hundred nanoseconds later, the 
voltage on the first électrode is 
raised, snaring the antiprotons. 
Residual thermal vibration can be 
damped by absorbing energy as in-
duced currents (resistor cooling). 

After storage (as long as twelve 
hours for the lowest energy anti­
protons, even longer for keV éner­
gies), the voltage on the exit élec­
trode is increased, allowing the an-
tiparticles to escape and annihilate 
in a target, releasing pions picked 
up by a cylindrical scintillator. 

Last year the expérimental team 
cooled their antiprotons down to 
about the région of a single élec­
tron volt. One aim is to measure 
the antiproton's inertial mass - any 
tiny mass différence between pro­
tons and antiprotons giving a vital 
due to the basic symmetries of 
physics. However a précision mass 
measurement needs very cold anti­
protons wi th minimal residual ther­
mal energy. 

This year, the électron cooling 
really showed what it could do, 
taking antiprotons down to milli-
electron volts, équivalent to just a 
few degrees above absolute zéro. 
This way, proton and antiproton 
masses were compared (and found 
equal) to a few parts per million, a 
25-fold improvement on the pre-
vious best measurement and a new 
milestone for physics. Not content 
wi th this, the ambitious team 
hopes to improve this précision by 
a further factor of at least a 
hundred. 

A helping hand. The staff of CERN's new 
Users' Office. 

(Photo CERN 569.6.89) 

CERN 
User boom 

CERN's attraction for scientists has 
rocketed. Even before LEP came 
into opération, the expérimental 
programme covered a wide spec-
t rum, wi th the proton-antiproton 
collider, fixed-target programme 
and high energy ion beams at the 
SPS on the high energy side, to-
gether wi th low energy antiprotons 
at LEAR and separated beams of 
isotopes in ISOLDE. With LEP, 
CERN's research attractions gain a 
new dimension (see page 4). 

To cater for the growing popu­
lation of visiting researchers, 
Expérimental Physics (EP) Division 
has set up a Users' Office as an 
interface between CERN and its 
users, providing direct communica­
tions channels, and on-the-spot ad-
vice and assistance when needed. 
It also enables users' requirements 
and suggestions to be referred to 
CERN management. Its current 
head, Giorgio Goggi (to be suc-
ceeded next year by Egil Lillestol of 
Bergen), is assisted by a staff of 
eight. 

In parallel a new impetus has 
been given to the Advisory Com-
mittee of CERN Users (ACCU), 
strengthening its links with both 
CERN management and wi th scien-
tific authorities in CERN's Member 
States. Policy matters on CERN-
user relations are continually ad-
dressed and reviewed by ACCU, 
whose current chairman is Peter 
Norton f rom the UK Rutherford Ap-
pleton Laboratory. 

CERN Council 

Speaking on CERN's Scientific Pro­
gramme and Budget Estimâtes for 
1990-93 at the June meeting of 
CERN's governing body, the Coun­
cil, Director General Carlo Rubbia 
underlined th^richness of CERN's 
science and pointed out the Labo­
ratory's increasing attractiveness, 
as reflected by the number of visit­
ing scientists. 

Following a recommendation of 
the récent CERN Review Commit-
tee led by Anatole Abragam, CERN 
is also looking to extend scientific 
and technical coopération with the 
many non-Member States, both in 
Europe and further afield, already 
involved in its work and a spécial 
Working Group under Council Vice-
Président Cayetano Lopez reported 
earlier this year. To reinforce the 
spirit of coopération fostered by 
récent exploratory discussions and 
to put ongoing collaboration on a 
firmer footing, Council delegates 
voted for a Rubbia suggestion to 
set up framework agreements with 
individual countries. 

At the Council meeting, Hans 
Hoffmann, currently a member of 
the DESY directorate, was ap­
pointed Director of Administrative 
and Technical Tasks at CERN for 
three years from 1 January 1990. 
Walter Hoogland, currently Scien­
tific Director of NIKHEF-H, Amster­
dam, was appointed CERN Director 
of Research for three years from 1 
July 1989. John Thresher's ap-
pointment of Director of Research 
was extended for three years from 
1 July. Gûnther Plass, deputy lead­
er of the LEP project and leader of 
CERN's LEP Division since 1983, 
was appointed Director of Acceler-
ators for three years from 1 Janua­
ry 1990. 
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Accelerator Physicist 
Laboratory for Nuclear Science 

The MIT-Bates Linear Accelerator Center invites 
applications for an immediately available accelerator 
physicist position in the Spectrometer System 
Group to assume a major rôle in the magnetic 
measurement program and survey and alignment 
program for the South Hall Ring (SHR) project. 
Responsibilities will include: specifying the measure­
ment program and performing high précision 
magnetic field mapping of static dipole fields; 
measuring the harmonie content of ail magnetic field 
multipoles to be installed in the Ring; analyzing 
and interpreting the data, and assisting in specify­
ing sub-mill imeter survey and al ignment plan to 
be used in the installation of ail electromagnetic 
éléments of the SHR; assuming responsibility for 
coordinating the program with the efforts of the 
Accelerator Physics Group and the incorporation 
of the measurement results into databases to be 
used in commissioning the SHR. After the SHR is 
commissioned, the individual will help advance 
the spin-physics program at Bâtes, specifically 
through the development of polarized beams and 
polarized targets for use at the Internai Target Facility. 

Requirements: Ph.D. in expérimental nuclear 
physics with two years' expérience and proven 
ability in programming for real-time applications 
and troubleshooting the CAMAC-based data 
acquisition Systems. Six months' expérience in 
high vacuum techniques and at least one year of 
expérience in each of the following areas: magnetic 
field mapping and analysis together with a working 
knowledge of charged particle beam optics includ-
ing use of the codes RAYTRACE and TRANSPORT; 
cryogénie target Systems; polarized électron 
beams and targets including use of électron optics 
codes such as GUN; computer experiment-
simulation techniques. 

Salary: $41,000. 

Please send two copies of résume and cover letter 
referencing Job No. R89-146 to: Richard Adams, 
MIT Personnel Office, Bldg. E19-239, 400 Main 
Street, Cambridge, MA 02139. 

MIT is an Equal Opportunity/Affirmative Action Employer 
MIT is a non-smoking environment 

UNIVERSITY 
OF 

HEIDELBERG 

The Physikal isches Ins t i tu t 
has an open 

Postdoctoral Position 
in expérimental physics. The initial appointment will 
be for a period of 3 years. The candidate should be 
able to contribute significantly to the field of high 
energy hadron and nuclear coll isions. He wil l be a 
member of an international collaboration preparing 
an experiment at the SPS at CERN. Expérience in 
expérimental particle physics is desired. 

• •.... 

Applicat ions including a curriculum vitae and a list 
of publications should be addressed before Sep-
tember 2 0 , 1989 to 

The Director 
Physikalisches Institut der Universitàt 
Philosophenweg 1 2 
D - 6 9 0 0 HEIDELBERG 

R U T G E R S U N I V E R S I T Y 

STAFF PHYSICIST 
Applicat ions are invited for a grant funded staff 
posit ion to facilitate and take part in high energy 
physics expérimental research. Duties involve data 
analysis, development of tr iggering and data acqui­
sition Systems, data taking, construct ion and de­
sign of high energy experiments, etc. w i th the main 
emphasis on computer applications. 
Current experiments in progress are in the^collider 
(CDF) and fixed target (CP violat ion, Hyperon mag­
netic moments) programs at Fermi National Accel­
erator Laboratory under the supervision of Profes-
sors Devlin, Wa t t s , and Thomson. Involvement in 
experiments at other and future facilities such as 
the SSC is planned. 
A Ph.D. and at least 2 further years of research are 
required, or may be replaced by équivalent profes-
sional expérience and a B.S. Salary is $ 3 5 , 5 9 8 -
$ 4 8 , 0 6 6 and there are comprehensive benefits, 
including tuit ion remission. 
Interested candidates should submit a résume and 
list of 3 références to 

Professor T. W a t t s , 
Dept of Physics and A s t r o n o m y 
Rutgers Un ivers i ty 
N e w B r u n s w i c k 
N.J . , 0 8 9 0 3 , U.S.A. 

Rutgers University is an Affirmative Action /Equal 
Opportunity Employer. 
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I N D I A N A U N I V E R S I T Y 
C Y C L O T R O N F A C I L I T Y 

ELECTRICAL ENGINEER 
The Indiana University Cyclotron Facility has an opening for an 
Electrical Engineer to participate in the expansion and support of 
a dynamic accelerator laboratory of international réputation. 
The primary responsibility of this position is to provide the engi­
neering support for the high current and high voltage power 
supplies of the présent and future accelerators. Thèse respon-
sibilities include the design, "hands-on" development, installa­
tion, and troubleshooting of the following Systems: High préci­
sion current regulated power supplies, pulsed power supplies, 
high voltage power supplies, analog control Systems, motor 
drivers, AC power distribution Systems, and grounding arrange­
ments. Other responsibilities include the direction, training, and 
supervision of accelerator support electronics technicians, and 
participation in long-term research and development projects. 
This is a continuing full-time position in the IUCF Professional 
Ranks wich provides excellent opportunities for professional 
growth. A B.S. degree in Electrical Engineering is required and 
two years' expérience working in a scientific laboratory is pre-
ferred. 
Send résume and names of three persons as référence to: 

Robert Woodley 
Indiana University Cyclotron Facility 
2401 Milo B. Sampson Lane 
Bloomington, Indiana 47408, USA 
(812) 855-5194 

Indiana University is an Affirmative Action/Equal Opportunity 
Employer. 

In the 
Laboratory for High Energy Physics 

of the University of Bern 

a post doctoral position 
is opened for an 

EXPERIMENTAL 
PHYSICIST 

to take a leading rôle in the development of 
cryogénie detectors for low energy neutrinos 
and dark matter. 
Expérience in low température physics and or 
particle physics is requested. The appointment 
is limited to 5 years. 
Applications (including curriculum vitae, list of 
publications, and names of two référées) 
should be sent as soon as possible to: 

Prof . K. P r e t z l 
L a b o r a t o r i u m f u r H o c h e n e r g i e p h y s i k 
Univers i tâ t B e r n 
S i d l e r s t r a s s e 5 
C H - 3 0 1 2 B e r n 
S w i t z e r l a n d 
T e l . ( 0 3 1 ) 6 5 8 5 6 6 / 6 5 4 0 6 4 

SUPER COLLIDER 
ENGINEERS & 

PHYSICISTS 
T h e S u p e r c o n d u c t i n g S u p e r Col l ider L a b o r a t o r y has immédia te 
o p e n i n g s f o r e x p e r i e n c e d M e c h a n i c a l a n d E lec t r i ca l Eng inee rs , 
E n g i n e e r i n g P h y s i c i s t s , a n d C o m p u t e r S c i e n t i s t s t o w o r k o n 
t h e d e s i g n a n d d e v e l o p m e n t o f " s t a t e - o f - t h e - a r t " S y s t e m s , 
e q u i p m e n t , a n d f a c i l i t i e s f o r t h e 2 0 T e V p a r t i c l e 
a c c e l e r a t o r . 

Qualifications and Expérience 

C u r r e n t e n g i n e e r i n g o r s o f t w a r e expé r i ence in S y s t e m s 
D e s i g n , D e v e l o p m e n t , u s i n g t h e l a t e s t t e c h n o l o g i e s . P r o v e n 
ab i l i t y a n d d e d i c a t i o n t o e n g i n e e r l o n g t e r m p r o j e c t s , i n vo l v i ng 
m u l t i p l e t e c h n o l o g i e s , f r o m c o n c e p t i o n t o c o m p l e t i o n . 
Expé r i ence w i t h C A D a n d a n a l y t i c a l e n g i n e e r i n g d e s i g n 
p r o g r a m s u s e d in y o u r f i e l d . A B S , M S , o r P h D in M e c h a n i c a l 
Eng inee r i ng , E lec t r ica l Eng inee r i ng , Physics, C o m p u t e r Science, 
o r a n équivalent d e g r e e a n d expér ience is requ i red . T h o s e w i t h 
e x p é r i e n c e in p a r t i c l e a c c e l e r a t o r S y s t e m s a n d t e c h n o l o g i e s 
a r e espec ia l l y s o u g h t . 

C r y o g é n i e 
E n g i n e e r s 
Cryogénie S y s t e m s D e s i g n 
a n d A n a l y s i s , C o m p o n e n t 
D e s i g n , C o l d b o x a n d P ip ing 
D e s i g n , P r o c e s s D e s i g n , 
P r o c e s s S y s t e m M o d e l i n g , 
P r o c e s s C o n t r o l S y s t e m E n ­
g i n e e r i n g , Cryogénie I n s t r u ­
m e n t a t i o n S y s t e m s , C r y o ­
génie S y s t e m C o m m i s s i o n i n g 
a n d Opéra t ion . 

E l e c t r i c a l 
E n g i n e e r s 
. A n a l o g C i rcu i t s , H i g h P o w e r 
D C P o w e r S u p p l i e s , H i g h 
V o l t a g e A C P o w e r D i s t r i b u ­
t i o n a n d I n s t a l l a t i o n , P u l s e d 
P o w e r C i r c u i t s , H i g h Per­
f o r m a n c e Feedback S y s t e m s , 
I n s t r u m e n t a t i o n , L o w Leve l 
a n d H i g h P o w e r R F S y s t e m s , 
M a g n e t a n d R F S t r u c t u r e 
D e s i g n . 

P h y s i c i s t s 
A c c e l e r a t o r Des ign , S y s t e m 
Spécif ication, M a g n e t a n d R F 
S t r u c t u r e Des ign , T h e o r e t i c a l 
A n a l y s i s , P r o j e c t R & D 
Leade rsh ip , C o m p u t e r S im­
u l a t i o n s , A p p l i c a t i o n s P ro ­
g r a m s , B e a m I n s t r u m e n ­
t a t i o n S y s t e m s Des ign , B e a m 
T r a n s p o r t Des ign . 

E n g i n e e r i n g 
P h y s i c i s t s 
P a r t i c l e B e a m I n s t r u m e n t a ­
t i o n , R F F e e d b a c k S y s t e m s , 
Q u e n c h P r o t e c t i o n S y s t e m s , 
A c c e l e r a t o r S y s t e m s Opéra­
t i o n a n d D e v e l o p m e n t , M a g ­
n e t S t r i n g T e s t s , M a g n e t 
M e a s u r e m e n t S y s t e m s , Sur-
v e y a n d A l i g n m e n t S y s t e m s , 
a n d o t h e r a c c e l e r a t o r r e l a t e d 
n e e d s . 

C o m p u t e r 
S c i e n t i s t s a n d 
E n g i n e e r s 
Real T i m e Dig i ta l C o n t r o l Sys­
t e m s , I n t e r f a c e C i r cu i t De­
s i g n , H i g h S p e e d D a t a 
Acqu i s i t i on , E x p e r t S y s t e m s , 
N e t w o r k Des ign , D a t a b a s e 
Des ign a n d M a n a g e m e n t , Hu-
m a n I n t e r f a c e S y s t e m s a n d 
o t h e r r e l a t e d a reas . 

M e c h a n i c a l 
E n g i n e e r s 
M a g n e t S t r u c t u r a l a n d Sup­
p o r t S y s t e m s , V a c u u m Sys­
t e m s , L C W Coo l i ng S y s t e m s , 
S u r v e y a n d A l i g n m e n t Sys­
t e m s , Weld ing S y t e m s , H e a v y 
E q u i p m e n t T r a n s p o r t a t i o n 
a n d I n s t a l l a t i o n , Too l ing a n d 
Hyd rau l i cs , a n d o t h e r r e l a t e d 
S y s t e m s . 

S e n d c o m p l è t e r é s u m e w i t h 
r é fé rences a n d s a l a r y h i s t o r y t o : 

Richard O. Garcia 
SSC L a b o r a t o r y 

2 5 5 0 B e c k l e y m e a d e Ave. 
Su i t e 2 6 0 

A t t n : Dep t . CC-9 -89 
Dallas, Texas 7 5 2 3 7 

Super Collider 
S S C i s a n E q u a l O p p o r t u n i t y , A f f i r m a t i v e A c t i o n E m p l o y e r 
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On people 

Satoshi Ozaki returns to Brookhav-
en in October to become Head of 
the proposed RHIC Relativistic Hea-
vy Ion Collider. After 20 years at 
Brookhaven, Ozaki returned to Ja-
pan in 1981 to become Director of 
the highly successful TRISTAN Pro­
ject at the Japanese KEK Laborato-
ry. Commissioned in November 
1986, this three kilomètre ring pro-
vided the world's highest energy 
électron-positron collisions until the 
start this year of physics with the 
new SLC Stanford Linear Collider. 

A célébration to honour many 
years of valuable contributions to 
Danish physics by Otto Kofoed-
Hansen took place earlier this year 
at Riso National Laboratory, where 
as Research Director from 1956-68 
he created the research department 
of the new centre. Earlier, his beta 
decay studies at the Niels Bohr In-
stitute led on to the development, 
with Karl Ove Nielsen, of 'on-line' 
mass séparation experiments, the 
precursor of the ISOLDE isotope 
separator at CERN, with which he 
was particularly involved during his 
time at CERN from 1968-76. 

David Gray, Associate Director, 
Science, at the UK Rutherford Ap-
pleton Laboratory, was awarded 
the OBE in the Queen's Birthday 
Honours List in June. 

At the beginning of July, Soviet physicist 
Andrei Sakharov (right), with his wife Elena 
Bonner (seated, left) visited CERN to see 
some of the Laboratory's new develop-
ments and experiments. Here they talk to 
Jack Steinberger in the control room of the 
Afeph experiment at the new LEP électron-
positron collider. 

(Photo CERN 497.6.89) 

Satoshi Ozaki (right) returns to Brookhaven 
in October as Head of the proposed RHIC 
Relativistic Heavy Ion Collider under Labora­
tory Director Nick Sa mi os (left). 
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J. Richie Orr (left), is Fermilab's new Asso-
ciate Director for Administration, while Den-
nis Theriot (right) becomes the Laboratory's 
Associa te Director for Technology. 

At the annual gênerai meeting of 
the Norwegian Physical Society in 
Bergen in June, Carsten A. Lûtken, 
presently a fellow at NORDITA, Co-
penhagen, after having spent two 
years at CERN, was awarded the 
Norsk Data Prize for elementary 
particle physics for his research 
into string théories. 

At the tenth International Free Elec­
tron Laser Conférence, held last 
year in Jérusalem, an annual prize 
for excellence in free électron laser 
research was inaugurated. The first 
prize ha s been awarded to John 
Madey of Duke University, North 
Carolina for his 'pioneering re­
search that stimulated widespread 
development of the Free Electron 
Laser'. He initiated FEL research 
while at Stanford in the early 70s, 
going on to led the Stanford team 
that made the first successful FEL 
démonstrations in 1975-76, con-
firming his theoretical prédictions, 
and collaborating with the French 
group initiating short wavelength 
(ultraviolet) studies at the ACO él­
ectron rings. 

Karel Gaemers, leader of the Amster­
dam University theory group since 
1981, has taken up the position 01 
research director of the Dutch Insti-
tute for High Energy Physics, NIK-
HEF-H, for a period of three years, 
succeeding Walter Hoogland whc 
becomes a Research Director al 
CERN. 

25 years Director of High Energy Physics for 
the US Government and now Président of 
Southeastern Universities Research Associa­
tion - SUR A, the governing body of the ne\A, 
CEBAF électron machine being bu Ht at New-
port News, Virginia - Bill Wallenmeyer (right) 
receives an honorary degree from Purdue 
Président Steven C. Beering. 
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UNIVERSITY OF GRONINGEN 
THE NETHERLANDS 

Professor in expérimental 
nuclear physics 
(vacancy number: 890704/3723) 

The Kernfysisch Versneller Instituut (KVI) of the University of 
Groningen is seeking applications and nominations for the newly created 
position of Full Professor in expérimental nuclear physics. 

The KVI is one of the two national centers for nuclear physics in the 
Netherlands. It is jointly sponsored bij the University of Groningen and 
FOM, the Dutch funding agency for fundamental research in Physics. 
The research is carried out in collaboration with universities and labora-
tories within and outside the Netherlands. In addition to its research 
program in expérimental and theoretical physics the KVI has small but 
substantial activities in atomic and applied nuclear physics. 

The institute has extensive expérimental facilities. The présent K = 160 
MeV cyclotron will be replaced in the first half of the nineties by a 
K = 600 MeV cyclotron, A G O R , with superconducting coils capable 
of accelerating both light and heavy ions (protons to 200 MeV, and fully 
stripped heavy ions to 95 MeV/u) . This cyclotron, presently under 
construction at the Institute de Physique Nucléaire in Orsay, has been 
designed and is being built in a Dutch-French collaboration that also 
foresees in a joint scientific exploitation of the new facility. Funds have 
been made available for the design and construction of a spectrometer 
matched to A G O R , while at the University of Utrecht the construction 
of a 4 pi detector System has started. In addition to the work directed 
towards its own facilities, the KVI is participating in several inter­
national collaborations, the major one being the TAPS project at the GSI. 

The succesful applicant he/she will have a major responsibility for the 
research program of the KVI. He should have a proven ability for original 
and fundamental research in nuclear physics, and he should have the 
capability to stimulate and direct the future research activities of the 
institute, especially around A G O R . 
He should be willing to take on his share in the responsibilities for the 
institute as a whole which may include the directorship of the KVI. He is 
expected to contribute to the teaching of the Physics Department and to 
learn the Dutch language in a reasonable time. 

The salary scale will be determined by âge and expérience with a 
maximum salary of Dfl 157.000,- per year. The conditions of employ-
ment are the conditions of the Government including participation in 
the Pensionfund (ABP). 

Further information on this position can be obtained from the chairman 
of the sélection committee, Professor Dr . R . H . Siemssen, téléphone 
0031 50 63 35 56, BITNET: SIEMSSEN@KVI.NL. 

Applications and nominations will be received including a curriculum 
vitae and a list of publications until November lst , 1989 by the Director 
of Personnel, University of Groningen, P . O . Box 72, 9700 AB Groningen, 
The Netherlands. 

Depar tment of Physics 
Univers i ty of Toronto 

TENURE TRACK FACULTY POSITION 
HIGH ENERGY AND NUCLEAR PHYSICS 

The Department of Physics plans to make one or possibly two tenure track appoint-
ments with starting date of July 1, 1990 at the rank of Assistant Professor. 
Applications for thèse positions from candidates in the areas of expérimental or 
theoretical high energy and nuclear physics are invited. Candidates with demonstrated 
or potential excellence in research and teaching are sought. 
Members of the high energy group are collaborating in the study of charm, beauty and 
tau physics with the ARGUS detector, in the construction of the ZEUS detector for the 
study of high-energy electron-proton collisions at HERA and in the opération of the 
CDF detector at the Fermilab proton-antiproton collider. 
Major areas of expérimental nuclear research include: intermediate energy nucleon-
nuclear reactions using accelerators at TRIUMF and IUCF, heavy-ion physics using 
TASCC and measurement of nuclear cross sections of astrophysical interest using 
low-energy particle accelerators. 
Theoretical activities include an investigation of quark physics phenomenology, the 
development of technicolour models and gauge field théories or particle physics and 
gravity, the development of soliton models and models of nuclear collective motions, 
and the application of group theory and symmetry to problems of subatomic phy­
sics. 
Theoretical applicants interested in work at the interface between astrophysics and 
particle physics would find interactions with CITA (Canadian Institute of Theoretical 
Astrophyics) attractive. # 

Applications consisting of a curriculum vitae; list of publications; summary of 
research interests; a detailed research proposai; and the names, addresses and FAX 
numbers of three référées should be sent as soon as possible, and no later than 
October 30, 1989 to 

Professor M.B. Walker, Chair, 
Department of Physics, 
University of Toronto, 
Toronto, Ontario, Canada, M5S 1A7. 

In accordance with Canadian Immigration requirements, this advertisement is directed 
to both Canadian citizens and permanent résidents of Canada. 

The University of Toronto encourages both women and men to apply for this 
position. 

RICE 
EXPERIMENTAL RESEARCH POSITIONS 

HIGH ENERGY PHYSICS 
INTERMEDIATE ENERGY PHYSICS 

The T. W. Bonner Nuclear Laboratory will soon have three vacant research 
positions to be filled this autumn. One or two appointments are for postdoctoral 
fellows. One or two, however, will be made at the level of Assistant Research 
Scientist for an initial three-year period. The successful candidate will already 
have some postdoctoral expérience during which he or she has demonstrated capac-
ities for leadership and independence in research. This appointment may be 
renewable and could lead to promotion to Associate Research Scientist. 

The Bonner Lab has a diverse research program with planned, approved, and/or 
ongoing experiments at Brookhaven, Fe rmi lab , CE RN , T R I U M F , L A M P F , 
and CEBAF. Physics topics include spin effects in high energy hadron production, 
high pt jets, the spin structure of the proton and neutron (SMC), antiproton-induced 
nuclear heating, QCD exotica, and strangeness production in heavy ion collisions. 
The group consists of seven expérimental and two theoretical faculty, two postdoc­
toral fellows, and about fifteen graduate students. The style of the laboratory is that 
most group members participate in ail experiments; in particular, postdoctoral fel­
lows gain a wide variety of expérience by working in both fields. 

Rice is a small private university, dedicated to excellence in the académie enter-
prise. The beauty and serenity of the campus, the proximity of dynamic Houston, 
the fourth largest city in the U.S., the temperate climate - ail thèse contribute to 
making Rice an extraordinary location for study and research. An added attraction 
will soon be the nearby SSC Laboratory. Rice is an Equal Opportunity Employer. 

Résumes: Professor B. E. Bonner , Director 
Bonner Nuclear Lab , Rice University, Houston, TX 77251-1892 
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B R O O K H A V E N N A T I O N A L L A B O R A T O R Y 

Fellows In Accelerator Technology 
Applications are invited from individuals with a PhD degree and/or 
major training in the physical sciences or engineering who wish to 
launch careers in accelerator design and development. 

Successful candidates will be appointed Fellows in Accelerator 
Technology at Brookhaven National Laboratory (BNL). Appointments 
are for a period of one year, renewable for a second year. Fellows are 
expected to select their investigations from among the gênerai 
objectives of the accelerator physics program at BNL.' 

The Alternating Gradient Synchrotron (AGS) Department is responsi-
ble for the opération of a 200 MeV proton linac, and the 30 GeV AGS 
which provide proton, polarized proton and heavy ion beams. New 
BNL initiatives are underway in the construction of a 1.5 GeV booster 
synchroton for protons, polarized protons, heavy ions, and a proposai 
to construct a 30 GeV stretcher ring. 

The Accelerator Development Department is responsible for a proposai 
to build a relativistic heavy ion collider (RHIC), and research and 
development effort directed towards the Superconducting Super 
Collider (SSC). 

The National Synchrotron Light Source (NSLS) Department is responsi­
ble for the opération of two électron storage rings, with energy of 
0.75 and 2.5 GeV, for the production of synchrotron radiation. The 
NSLS development program is directed toward improving the ring per­
formance, new undulator and wiggler insertion devices, and cohérent 
radiation sources, and the construction of a compact x-ray lithography 
source. 

The Center for Accelerator Physics promûtes R&D in ail areas of ac­
celerator physics and is building the Accelerator Test Facility, con-
sisting of a 50 MeV linac, NdYag laser, and a high power C02 picose-
cond laser to study laser accélération of particles and cohérent radia­
tion sources. 

Scientists and engineers of any nationality are eligible to apply. 
Salaries are compétitive, and Fellows are eligible for comprehensive 
employée benefits and relocation allowances. Candidates should send a 
detailed résume to: P.E. Hughes, Alternating Gradient Synchrotron 
Department, Brookhaven National Laboratory, Associated Universities, 
Inc., Upton, L.I., N.Y. 11973. Equal Opportunity Employer. M/F. 

Il 11 I BROOKHAVEN 
r 1 1 1 1 NATIONAL LABORATORY 

H I I I ASSOCIATED UNIVERSIT IES INC 

ISTITUTO NAZIONALE Dl FISICA NUCLEARE 
(I.N.F.N.) 

Post-doctoral fe l lowships for non italian citizens 
in the following research a r e a s 

Theoretical Physics (n. 8) 
Expérimental Physics (n. 14) 

Applications are invited for one year fellowships, starting on 
April-Mai 1990. 
The successfull applicants may carry on their research at any of 
the following laboratories and sections of I.N.F.N.: 
National Laboratories of Frascati (Rome) 
National Laboratories of Legnaro (Padova) 
National Southern Laboratories (Catania) 
National Gran Sasso Laboratory (L'Aquila) 
INFN Sections in the universities of : 
Turin, Milan, Padua, Genoa, Bologna, Pisa, Rome «La Sapienza», 
Rome II, Naples, Catania, Trieste, Florence, Bari, Pavia, Perugia, 
Ferrara, Cagliari, Lecce and National Institute for Health 
(Rome). 
The annual gross salary is lit. 24,000,000, corresponding to lit. 
1,600,000 net per month, plus travel expenses from home Insti­
tution to I.N.F.N. Section or Laboratory and return. 
Deadline for application is December 31,1989. 
Candidates should submit an application form and a statement of 
their research interests, including three letters of référence. 
For further information and application forms, please apply 
to: 

Fellowship Service 
Personnel Office 
Istituto Nazionale di Fisica Nucfeare (INFN) 
Casella Postale 56 
00044 Frascati (Roma) Italy. 
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PROJECT ENGINEER 
Fermi National Accelerator Laboratory, an internationally renow-
ned high energy physics research facility located 48 kilometers 
w e s t of Chicago, Illinois, is upgrading its Tevatron accelerator 
complex. The sophisticated improvements planned for the up-
grade program include a 150 GeV synchrotron containing 300 
new high-performance electromagnets. We are currently see-
king a talented senior-level professional to assume complète 
responsibility for the management of the development and fabri­
cation of such magnets. 

Management responsibilities will include overseeing and direc-
ting of ail technical aspects of the magnet S y s t e m f r o m concept 
to finished product. Included will be product design, model éva­
luation, production tooling development, prototyping, magnet 
production and quality assurance. Administrative management 
responsibilities will include project planning, scheduling, cost 
control and reporting. 

A minimum of 5 years engineering expérience and an MS in 
mechanical or manufacturing engineering are required for the 
position. A background in successful project management and 
knowledge of materials, design, structural analysis, manufactu­
ring and quality control are essential. 

Fermilab offers an attractive salary and benefits package and a 
stimulating environment. For considération, please forward ré­
s u m e and salary history to : 

Mr. James L. Thompson, 
Fermi National Accelerator Laboratory, 
P.O. Box 500, Batavia, Illinois, 60510, U.S.A. 

An Equal Opportunity Employer M/F. 

UNIVERSITY OF VICTORIA 
DEPARTMENT OF PHYSICS AND ASTRONOMY 

VICTORIA, BRITISH COLUMBIA, CANADA 

FACULTY POSITION IN PHYSICS 
Applications are invited for a tenure-track position at the rank of 
Assistant Professorto commence in 1990. The position is in the 
area of Expérimental Intermediate and High Energy Physics. The 
successful applicant will have an established research record 
and have an interest in undergraduate and graduate teaching. 
The current research interests of the Department in this area 
include rare decay experiments at TRIUMF and Brookhaven 
National Laboratory and the SLD experiment at the Stanford 
Linear Collider, as well as active participation in the proposai for a 
KAON facility based program at TRIUMF. In the future the group 
intends to maintain a balanced program of physics at High Ener­
gy Colliders and Fixed Target Facilities. The close proximity of 
the TRIUMF Laboratory affords the opportunity for involvement 
in the TRIUMF program, and provides facilities for technological 
support and test beams for detector development, not normally 
présent in a university department. 
The University of Victoria offers equal employment opportuni­
tés to qualified maie and female applicants. Women are partic­
ularly encouraged to apply. In accordance with Canadian Immi­
gration requirements, priority will be given to Canadian citizens 
and permanent résidents. 
Applications with curriculum vitae, publication list, and names 
and addresses of at least three référées should be sent to: 

Professor L.P. Robertson, Chairman 
Department of Physics & Astronomy 
University of Victoria 
VICTORIA, B.C. 
V8W 2Y2 

Applications will be accepted until Octoberl, 1989. 
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Efim S. Fradkin (righî) receives a 1988 Dirac 
Medal of the International Centre for Theore­
tical Physics (ICTP), Trieste, from Antonino 
Zichichi. Centre is ICTP Director Abdus Sal-
am. 

Efim Samoilovich Fradkin of Mos-
cow's Lebedev Institute, one of the 
1988 récipients of the Dirac Medal of 
the International Centre for Theoreti­
cal Physics, Trieste, received his 
award on 11 July. (The other 1988 
medal winner, David Gross of Prince­
ton, received his award in April - see 
June issue, page 29). 

Fradkin was cited for his 'many 
fruitful contributions to the develop­
ment of quantum theory and statis-
tics'. His work on formai solutions 
and important identifies in quantum 
field theory has led to important new 
insights in modem field theory and in 
the description of extended objects 
such as strings and membranes. 

A ward for LeCroy 

LeCroy Corp, whose innovative el-
ectronic equipment is widely used 
in high energy physics experi­

ments, has been named 1989 Na­
tional Subcontractor of the Year by 
the US Small Business Administra­
tion after ha vin g been nominated 
by Los Alamos National Lab. 

With headquarters in Chestnut 
Ridge, New York, the firm also has 
outlets in Europe, with régional 
headquarters in Geneva, Switzer-
land. 

Making history 

The Andrew W. Mellon Foundation 
in New York has récently an-
nounced the award of a grant of 
$31,000 to CERN. It is the first 
grant the Foundation has made to 
the Organization, and is to be used 
by John Krige to study the préser­
vation of historically important do­
cuments from a major experiment 
at CERN in which a number of insti-
tutes collaborated. The work is 
part of a more gênerai project be­

ing coordinated by the Center for 
the History of Physics of the Amer­
ican Institute of Physics. It adds a 
European dimension to similar 
studies being made of multidimen-
sional collaborations at four signifi-
cant American accelerator centres 
- Brookhaven, Cornell, Fermilab 
and SLAC, Stanford. 

Uncle Albert 

The Time and Space of Uncle Al­
bert' by physicist Russell Stannard 
(Faber and Faber, UK) introduces 
the Spécial Theory of Relativity in a 
refreshingly différent way. Aimed 
at teenagers but appealing to 
young and old alike, the book sets 
out to demystify what unfortunate-
ly remains for many a mysterious 
corner of contemporary culture. In 
the book, Uncle Albert, a thinly di-
sguised famous scientist, has got 
stuck, and his nièce Gedanken 
helps him think his way out. Vivid 

Russell Stannard - The Time and Space of 
Uncle Albert 

CERN Courier, September 1989 33 



STANFORD UNIVERSITY 

ASSOCIATE DIRECTOR 
The Stanford Synchrotron Radiation Laboratory (SSRL) is 
seeking a scientist or engineer to lead a group of accel­
erator physicists, engineers, technicians and operators 
responsible for the opération, maintenance and develop­
ment of spear when it becomes a fully dedicated synch­
rotron radiation source wi th its own injector during the 
next year. 
The group will also have involvement wi th the opération 
and development of PEP as a synchrotron radiation 
source as plans for such activities clarify. 
Ph. D. required in related field and appropriate expérience 
wi th accelerators and synchrotron radiation. 
Demonstrated ability to provide scientific and technical 
leadership and a strong interest in achieving major ad-
vances in the production of synchrotron radiation. 
University rank will be senior research associate or pro-
fessor (research), depending on qualifications. 
Applicants should wri te to 

Professor Herman Wînîck 
Stanford Synchrotron Radiation Laboratory 
Stanford University 
P.O. Box 4 3 4 9 
BIN 6 9 Stanford, CA 9 4 3 0 9 , 

enclosing a curriculum vitae and names of at least t w o 
références. 
Stanford University is an equal opportunity employer. 

E U L I M A 
EUROPEAN LIGHT ION MEDICAL 

ACCELERATOR 

The proposed European Light Ion Médical Accelerator is 
designed to give impfoved radiotherapy treatment using light ions 
of about 400 MeV per nucléon. 

The EULIMA feasibrlity group is funded by the Commission 
of the European Communities for a period of 18 months and 
located at CERN, Geneva. 

Appointments will be made in the near future to two 
positions, concerned with: 

a) beam dynamics inside a large superconducting separate 
sector cyclotron, 

b) injection and extraction studies. 

Candidates should have a physics or engineering degree, 
with Ph.D or practical équivalent expérience. Expérience of 
accelerator design and computer simulation would be 
advantageous. 

For further information apply as soon as possible to: 

P. MANDRILLON, EULIMA Feasibility group, c/o CERN PS Division, 
CH-1211 GENEVA 23 
Téléphone: (22) 767.22.93 Telefax:(22)785.05.15 
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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 intégral 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 signais terminated at 
auxiliary backplane 
common Start, front-panel 
NIM, or differential ECL 
auxiliary 
fast 200 nsec clear time 

DAT AUNE, 

First of its kind . . . 
a high précision 

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 préci­
sion to résolve time intervais within ±25 picosecond steps. It measures the 
time between a common start input and one of the 64 stop channels, which 
are précision 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 complète FASTBUS 
interface. The common start and ail 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 opérations. 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 ail. 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-Digital 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 . Europe 
HOME OFFICE 
3 chemin Taverney 
LeGrand-Saconnex 
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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Held this year in Egmond-aan-Zee, the Ne-
therlands, from the end of June, the elev-
enth in the séries of Schools of Physics 
organized jointly by CERN and the Joint In-
stitute for Nuclear Research (JINR), Dubna, 
near Moscow, attracted over a hundred stu-
dents from both CERN and JINR Member 
States and from elsewhere, seen here out-
side the School's 't Zuiderduin Hôtel venue. 

(Photo E. Lange, MPI Munich) 

stuff, with spaceships and comput­
ers. Other areas of modem physics 
would be more difficult. How about 
'The Uncertainty of Uncle Werner'? 

Meeting 

The first biennial Conférence on 
Low Energy Antiproton Physics -
a new séries which is a merging of 
the LEAR Works hop and the Euro-
pean Symposium on Proton-Anti­
proton Interactions and Fundamen-
tal Symmetries - will take place in 
Stockholm from 2-6 July 1990. 
Contact persons are Per Carlson 
(PC at SESUF51) and Jon-And Ker-
stin (KER at SESUF51 or KJA at 
CERNVM), Manne Siegbahn Insti-
tute, Frescativ. 24, S-10405 
Stockholm, Sweden, phone +46 
(0)8 150360. 

Hospital fluorine-18, continued 

The July/August issue (page 23) 
described how CERN is making 
fluorine-18 for positron-émission 
tomography (PET) studies at Gene-
va s Cantonal Hospital. Switzer-
land, where manufacture has been 
boosted following the arrivai of a 
PET scanner, the second in Swit-
zerland (and the second to be sup­
plied commercially). A spécial car 
service has also significantly 
speeded up transportation of the 
110-minute half-life isotope from 
the Institute to Geneva. 

Astrophysics at Berkeley 

Initially funded by the US National 
Science Foundation, a Center for 
Particle Astrophysics has been set 
up at Berkeley under Bernard Sad-
oulet. Supported by theoretical 
studies, the Center's research in-

Heavy ion therapy 

The possibilités and potential of 
high energy beams of heavy 
ions for tumour therapy were 
examined at a meeting in May in 
Heidelberg and Darmstadt, West 
Germany. Through collaboration 
between the Heidelberg Univer­
sity Radiology Clinic, the German 
Cancer Research Centre in Hei­
delberg, and the GSI heavy ion 
Laboratory, Darmstadt, this 
technique could soon become 
available in Germany. 

In the morning sessions in the 
Heidelberg 'Kopfklinik', Joe Cas­
tro of Berkeley reported on the 
clinical successes achieved with 
heavy ion beams at Berkeley, 
the only place in the world 
where this therapy is currently 
available. 

G. Kraft of GSI explained the 
potential advantages of heavy 
ions - accurate target localiza-
tion, and increase in dosage as 
well as biological effectiveness 

with depth. G. Gademann from 
the University Radiology Clinic 
outlined the planned trials. If the 
project is given the go-ahead, 
the effect of heavy ions on five 
différent tumour types will be 
assessed in a clinical report after 
seven years. 

In the afternoon, participants 
saw GSI heavy ion facilities 
(June, page 13), and Paul Kienle 
described the new requirements 
for a therapy centre, including a 
spécial injector, an ion beam 
scanning device, a fragment 
separator and a positron ca­
méra, the last two providing vi­
tal accurate control of the target 
volume of the ion beam prior to 
irradiation. 

M. Wannenmacher of the Uni­
versity Clinic declared that heavy 
ion therapy is both achievable 
and clinically necessary, and 
looked forward to the necessary 
resources being made available. 
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cludes the search for 'dark matter', 
the study of residual background 
radiation from the early Universe, 
the measurement of basic cosmo-
logical parameters and probing the 
large-scale structure with both ex-
isting instruments and the new 
Keck télescope. 

The NSF funding is part of a 
$24.7 million move to boost US 
science research through the estab­
lishment of 11 Science and Tech­
nology Centers. 

Pniewski and Bialkowski 

Joint discoverer of hypernuclei in 
1952 with Marian Danysz, the Pol­
ish physicist Jerzy Pniewski died 
on 16 June. In 1962 he joined with 
Jarusz Zakrzewski and others in 
the European K minus collaboration 
at CERN and saw the first double 
hypernucleus in an emulsion stack. 
Pniewski, with H. Piekarz, J. Pie­
karz, B. Povh, V. Soergel and oth­
ers, then discovered electromag-
netic transitions in hypernuclei in 
counter experiments at CERN. He 
was for many years Director of the 
Institute of Expérimental Physics 
and then Dean of the Physics Fa-
culty at Warsaw University. 
Among his many award s was the 
Marian Smoluchowski Medal, the 
highest honour of the Polish Physi-
cal Society. 

Grzegorz Bialkowski died on 29 
June. He was a particle theorist, 
concentrating on dispersion rela­
tions, Begge pôles, and the 
damped cascade model of hadronic 
interactions with nuclei. He worked 
with distinction at CERN, Saclay, 
Torino and Trieste as well as in his 
native Roland. Bialkowski was a 
person of broad culture - a poet, 
philosopher, educationalist and 

humanist, as well as a physicist. He 
was elected Rector of Warsaw Uni­
versity in 1985 at a difficult phase 
of his country's history and was a 

As CERN COURIER is 'put to bed' news co­
rnes from the USA of first construction mo-
ney, to the tune of $225 million, approved 
for the SSC. Below is an artist's rendering of 
the SSC site (Courtesy of Texas National Re­
search Laboratory Commission). 

successful Solidarity candidate 
elected as Senator to the Polish 
parliament. He was never able to 
participate in its meetings. 
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N E W 
Monomode 
fibre-optic 
connectera 

LEtno EL 
OPTABALL alignment and adjusting Systems. 
Compatible with the VFO and DF séries of Radial!. 
Available in the models plugs, sockets, couplers, 

:ed as well as adjustabie attertuators. 

- 1 

P.O.Box194 Ch. des Champs-Courbes 1024Ecublens Tel. (021)691 1616 

O For research • development • industry 
O Voltages up to 500 kV 
O Line/load régulation up to 1Û~~6 

O Remote control analogous/IEC-bus 
O Polarlty réversible 
O Bipolar 
O Switchmode regulator 
O Capacitorcharging 

We supply not only high voltage! 
Ask for our catalog. 

HEINZINGER e l e c t r o n i c G m b H 
Anton-Jakob-StraBe 4 • Postfach 180 

D-8200 Rosenheim • Tel. 08031 /4404-0 
Fax 0 80 31 /44 0444 • Télex 525 777 hemes d E 

je HIGH 
V m LIAGE 

P • WER 

Your partner 
for customers spécifie 

power supplies 
| HEINZINGER ï 
| e l e c t r o n i c | 
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LEYBOLD offers a wide range of cryorefrigerators for 
research and industrial purposes, covering the température 
range from 4 K to 330 K with closed-cycle hélium refrigerators. 
Thèse refrigerators are suitable for any application where 
liquid réfrigérants are undesirable. 

Typical applications include: 
• Cooling of test spécimens in cryostats, 

e.g. for high température superconductivity research 
• Shield cooling of superconductive magnets 
• Cooling of low-noise amplifiers and detectors 
• Hydrogen liquefiers for H 2 targets 

Our product line comprises 1,2 or 3-stage refrigerators with 
accessories, complète cryostats and - needless to say -
cryopumps for ail high or ultra high vacuum applications with 
pumping speeds between 400 l-s -1 and 60,000 l-s - 1. 

Detailed information on request! 

LEYBOLD A G - A Degussa Company 

L E Y B O L D A G 
L e u t s c h e n b a c h s t r . 55 
C H - 8 0 5 0 Z u r i c h 
Tel . : 0 1 - 3 0 2 36 36 
Télex: 823 2 1 2 
T e l e f a x : 0 1 - 3 0 2 43 73 

L E Y B O L D A G 
B o n n e r S t r asse 498 
D -5000 C o l o g n e 51 
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