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BDH Scintillation 
Crystal Assemblies. 

Standard or Custom-built 

BDH has achieved spectacular progress 
in the field of single crystal growth on a 
manufacturing scale in recent years. 

Important new high-puri ty scinti l lation 
materials have been part of this progress; 
and we have already made major 
contr ibut ions to calor imeter detectors in 
h igh-energy physics. 

Now, our range of complete scintil lation 
detectors is of particular interest in many 
industrial, medical and scientif ic f ields. 

Materials now available for these 
applications inc lude:-

• Csl (T/) Caesium Iodide thallium doped 

• Csl (Na) Caesium Iodide sodium doped 

• Csl (Pure) Caesium Iodide undoped 

• BaF 2 Barium Fluoride • 

• Nal (T£) Sodium Iodide thallium doped 

• CaF 2 (Eu) Calcium Fluoride europium doped. 

New detectors for production or 
research applications 

Mounted scintil lation crystals, 
hermetical ly sealed, are available complete 
with photomult ipl ier. Many standard sizes of 
detector are now available as stock i tems. 
Can we help you with research 
applications? Wc will gladly d iscuss 
manufacture of special sizes, custom 
designs or full product ion runs. 

BDH have valuable exper ience 'n 
supply of large vo lumes of machined 
crystals for major international scientif ic 
establ ishments. And as a member of the 
L Merck organisation we can draw on 
extensive resources 

For further information please contact 
David Read on 0202 741)520 ext 2206. 

BDH Limited, Advanced Materials Division 
Contact: BDH Limited, Broom Road, Poole, Dorset BH12 4NN, England. Tel: (0202) 745520. Fax: (0202) 738299. Telex: 41186 or 418123 TETRA G. 
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The best vacuum valve 
is the right vacuum valve 

For extreme ultra high vacuum, coarse 
vacuum, or something in between... 

For millions of cycles, or only a few... 

For easy to handle gases, or the very 
worst... 

Where there is plenty of room, or 
mounting restrictions... 

Where cost is secondary, or a critical 
concern... 

VAT, the world's leading manufacturer 
of vacuum valves, offers the widest 
choice available. 

Call today for our new catalogue, and 
choose the right valve for your appli­
cation. 

VAT AG, CH-9469 Haag, Schweiz 
Tel. (085) 7 01 61 
Twx. 855162 
Fax (085)748 30 
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The new 
generation of 
All Metal 
Gate Valves 

No leakage 

a product of 

Only one sealing line is 
responsible for the tightness 
with a long uptime. 

•H Beakable 
up to 300° C for good vacuum 
conditions in open or closed 
position. 

• • H Available 
in diameters from 63 to 
320 mm, manual or remote 
controlled, various flange 
standards. 

distributed by 

Vokuumtechnik GmbH. 

A / " ^ fur mode rne 
' Techno log ie 

CH - 9468 SAX 

Telefon 0 8 5 / 7 50 70 
Telefax 0 8 5 / 7 50 86 
Telex 855 194 

N E W P H Y S I C S 
B O O K S F R O M W I L E Y 

Particle Physics and 
Cosmology 
by P D B COLLINS, A D MARTIN and 
E J SQUIRES, all of University of Durham, Durham 
This reference describes the recently developed 
standard model of the theory of elementary particles, 
and the various theoretical ideas that have been 
recently proposed to obtain a unified theory of all the 
interactions. The book stresses the significance of these 
concepts for early universe cosmology, and is the first 
to describe all these related developments . 
0471 60088 1 496pp due August 1989 
approx £41.80/$68.95 

Atomic Collisions Electron 
and Photon Projectiles 
by E W McDANIEL, Georgia Institute of 
Technology, Atlanta, Georgia 
This is a cohesive and unified treatment of collisions 
of electrons and photons with heavy particles, ie atoms, 
molecules and ions. The aim is to explain the basic 
physics and the mechanisms of electron and photon 
collisions, by interweaving both the experimental and 
theoretical aspects of each of the phenomena discussed. 
New topics include scattering resonances, coincidence 
measurements , merged-beam experiments, positron 
collisions, collisions between spin-polarized particles 
and mul t iphoton processes. 
0471 85307 0 650pp due October 1989 
approx £38.30/$63.20 

A User's Guide to Vacuum 
Technology 
2nd Edition 
by J F O'HANLON, University of Arizona, USA 
This book introduces the reader to the theory and 
prac t ice of m o d e r n v a c u u m techno logy , w i th 
appl ica t ions . It focuses on the unde r s t and ing , 
operation, and selection of equipment for vacuum 
processes used in semiconductor, optical and related 
technologies. The previous edition of this book was 
published in 1980. 
0471 812420 
£28.85/$47.95 

502pp June 1989 

These books are available through 
your bookseller. Alternatively order 
direct from Wiley (payment to John 
Wiley & Sons Ltd). Credit card orders 
accepted by telephone — (0243) 
829121 or FREEFONE 3477. 

JOHN WILEY & SONS LTD 
BAFFINS LANE • CHICHESTER 
W. SUSSEX P O l 9 1UD 

WILEY 
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Higgs for the masses 

Encompassing electromagnetism 
and the weak nuclear force, ex­
plaining phenomena ranging f rom a 
bolt of lightning to the beta decay 
of a nucleus, the electroweak pic­
ture is one of the big success sto­
ries of twentieth-century physics. 
However it is still incomplete, and 
new information f rom CERN's new 

.LEP electron-positron collider in the 
final decade of the century could fill 
in the gaps. 

The setting for the picture is the 
way quantum labels such as iso-
spin and electric charge may be 
transformed in space and t ime, 
known as Yang-Mills gauge theory. 
This was an attempt to generalize 
the success of quantum electrody­
namics, but always seemed to de­
mand that the carriers of the field 
(the gauge bosons), analogous to 
the photon in quantum electrody­
namics and carrying one unit of in­
trinsic angular momentum (spin), 
were massless. 

Final magnets for LEP 

On 26 May, the final magnets 
for CERN's new LEP electron-po­
sitron collider moved smoothly 
into position guided by Director 
General Carlo Rubbia and by 
Herwig Schopper, who as 
CERN's Director General from 
1981-88 oversaw so much of 
the preparation and construction 
work for the 27-kilometre ma­
chine. 

The installation ceremony was 
a fitting focus for a 'Schopper 
fest' in honour of the retired Di­
rector General. 

LEP magnet installation sym­
bolically began on 4 June 1987 
when then French Premier Jac­
ques Chirac and Swiss President 

Pierre Aubert helped put the first 
magnet into position. In the in­
tervening two years, LEP's im­
pressive inventory of 3280 ordi­
nary dipoles, over 800 quadru-
poles, 500 sextupoles, over 600 
correcting dipoles and various 
other magnets has been preci­
sion placed in the 27-kilometre 
ring. 

The next major LEP milestone 
is the vacuum system, sched­
uled for completion in June, ex­
cept for finishing touches in the 
regions around the four experi­
ments, themselves the scene of 
final preparations for the injec­
tion in July of the first beams 
into the completed ring. 

LEP physics 

CERN's new 27-kilometre LEP 
ring will soon be supplying its 
first electron-positron colli­
sions. This is the first in a 
series of articles outlining 
some of the physics objec­
tives. 

CERN Director General Carlo Rubbia (left) 
and Herwig Schopper, CERN's Director 
General from 1981-8, activate the ma­
chine to install the final magnet for 
CERN's new LEP electron-positron collid­
er, scheduled to become operational in 
July. 

(Photo CERN 441.5.89) 
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Superconducting radiofrequency accelerating 
cavities will push LEP's collision energy 
higher and provide more scope for finding 
the essential 'Higgs' spontaneous symmetry 
breaking mechanism at the heart of the elec-
troweak theory. Here a cavity is under test 
in the SPS ring. 

(Photo CERN 281.8.88) 

Under everyday condit ions, the 
electroweak picture must ensure 
that the long-range electromagnetic 
force, mediated by the massless 
photon, carrying unit spin, looks 
very different to the short-range 
weak nuclear force, carried by a 
trio of heavy particles, but each 
also carrying one unit of spin. The 
trio - the positive and negatively 
charged W and the electrically neu­
tral Z bosons - were discovered at 
CERN's proton-antiproton collider 
in 1983. The problem was to ac­
commodate the W and Z masses 
without spoiling the underlying 
symmetry. 

The essential ingredient is spon­
taneous symmetry breaking -
when a theory wi th symmetric 
equations has solutions that are 
not symmetric. For example the 
equations of electromagnetism are 
symmetric but their magnetic solu­
tions need not be - selecting an 
orientation of electron spins in the 
ground state of a ferromagnet 
spontaneously breaks the symme­
try. 

In quantum field theory, spon­
taneous symmetry breaking pro­
duces massless and spinless 
('Goldstone') particles, whose use­
fulness for electroweak unification 
was not immediately apparent. 

In the mid-60s, several theorists 
(including P. Anderson, R. Brout, F. 
Englert, G. Guralnik, C. Hagen, P. 
Higgs and T. Kibble), helped piece 
together another symmetry break­
ing scheme which eliminates un­
wanted massless particles. Appar­
ently massless 'Goldstone' parti­
cles would combine wi th apparent­
ly massless gauge bosons to make 
field particles wi th mass, while re­
taining the underlying symmetry. 

In the electroweak picture, the 
Higgs mechanism contrives to give 
masses to the W and Z bosons, 
while keeping the zero mass pho­

ton, by selecting out a preferred 
isospin direction with the Higgs 
field, leaving the electromagnetical-
ly neutral photon unaffected. 

Within these guidelines, there is 
still a lot of room to manoeuvre, 
and as it stands the electroweak 
picture gives no handle on the 
Higgs particle masses. As yet no 
sign of any Higgs particle has been 
found. Light Higgs, in the few MeV 
range, would show up in precision 
analysis of muonic atom X-ray 
spectra, in the decay of excited nu­
clear states and in very low energy 
neutron-nucleus scattering. Meson 
decays are another potential source 
of Higgs particles. Unsuccessful 
searches in kaon decays, for exam­
ple by the NA31 experiment at 
CERN, probably rule out Higgs 
lighter than a few hundred MeV. 
Wi th heavier mesons, such as B-
particles and upsilons, the mass 
limits can be pushed higher. Most 
Higgs options below 3.6 GeV now 
can be ruled out, and the continu­

ing search has to await the opening 
of new energy frontiers. 

This is where LEP comes in. The 
immediate goal is to provide 46-47 
GeV beams and home in on the Z 
boson near 93 GeV, the electrically 
neutral carrier of the weak nuclear 
force. The Z is coupled to the 
Higgs mechanism, and if the as­
sociated particles are light enough, 
they could show up in Z decays ac­
companied by a pair of muons, a 
pair of neutrinos, or a photon. As 
well as uncovering the Higgs parti­
cle, this search would also show 
how it can decay, providing addi­
tional valuable information. 

Unless the Higgs particle is very 
light, the interesting Z decays are 
quite rare, and would need about a 
year's accumulation of Zs, even 
wi th LEP operating near its design 
luminosity of 1.7 x 1 0 3 1 (the initial 
level will be lower, see May issue, 
page 5). 

The long-awaited sixth ('top') 
quark has yet to make an appear-
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I"Huntington gives me 
twice the selection 

in vacuum positioners. 
And they build 'em better'' 

Get exactly what you need. 
In vacuum positioners and feedthroughs, Huntington 
gives you more than twice the selection... 

Linear, rotary, angular andX-Y-Z precision manipu­
lators. Coaxial andmultimotion, too. Motorized, manual, 
pneumatic, you name it. With accessories for gripping, 
holding, transferring, even heating and cooling samples 
in vacuum. Combine parts and get even greater variety. 

Whether you need bellows-sealed, magnetically-
coupled, differentially pumped or any combination. From 
rough to micron-precise motion control, you'll get exactly 
what you want. In a range of pricing, to meet your budget. 

Faster response. Even on specials. 
Huntington keeps a lot more product in stock. Which is 
why more than 90% of their orders ship within 72 hours. 

If you need a special modification or combination, 
or something entirely new, just say the word. Huntington 
has the engineering staff and talent to make it happen, fast. 

Innovative design. Better construction. 
It's not surprising that Huntington has the most patents... 

Like its new Polar Coordinate Manipulator, which lets 
you move in a straight line instead of X-Y zig-zags. 

Like rotary feedthroughs that deliver higher torque 
in smaller envelopes by eliminating old bent-shaft designs. 

Like Huntington's unique ball-bearing Acu-Port which 
turns effortlessly, even when supporting heavy devices. 

And no one builds positioners like Huntington: 
Maximum-life bellows design. No plastic parts, because 

Other port-aligners are held 
together with springs. Friction 
makes them hard to turn. Heavy 

feedthroughs pull them apart. 

Huntington's patented Acu-Port 
with interlocking ball bearings 
turns smoothly and easily even 
when supporting heavy devices. 

most Huntington positioners are bakeable to 450°C. And 
special Summa Process treatment to make Huntington's 
stainless steel chemically cleaner and physically smoother. 

Get your free Huntington catalog, now. 
The full spectrum of better-built Huntington vacuum 
components, including positioners, is detailed in the 
new catalog... 

For your free copy, just call or write: Huntington 
Laboratories, 1040 L'Avenida, Mountain View, CA 94043. 
(800) 227-8059 or (415) 964-3323. 

H u n t i n g t o n 
Built Better. For 20 Years. 



Spontaneous symmetry breaking happens 
when a theory with symmetric equations 
has solutions that are not symmetric. For 
example the equations of electromagnetism 
are symmetric but their magnetic solutions 
need not be - selecting an orientation of el­
ectron spins in the ground state of a ferro-
magnet spontaneously breaks the symmetry 
inside each microscopic 'domain'. 

ance, and LEP's collision energies 
(approaching 100 GeV initially) 
could at last cross the top thresh­
old and open up a new particle 
spectroscopy. This would be a ma­
jor physics achievement in itself, 
but in addition the decay of some 
of the top quark-antiquark bound 
states could be sources of Higgs 
particles. However investigations at 
the proton-antiproton colliders at 
CERN and Fermilab suggest that 
the top quark may be so heavy that 
decays into Higgs particles would 
be relatively infrequent. In addit ion, 
if top quark spectroscopy per­
versely brackets the Z mass, then 
physicists will have to carefully un­
ravel the t w o effects. 

A subsequent LEP goal will be to 
increase the beam energy using su­
perconducting radiofrequency cavi­
ties so that the colliding electrons 
and positrons can produce a pair of 
W particles, the electrically charged 
carriers of the weak nuclear force. 
If the Higgs mass is in the right 
area, the colliding particles should 
also produce Z/Higgs pairs. 

Wi th the advent of LEP, physi­
cists are eagerly waiting the first 
tangible information on the vital but 
mysterious symmetry breaking me­
chanism behind the so successful 
electroweak theory. 

Computing in 
high energy physics 

Computing in high energy physics 
has changed over the years from 
being something one did on a 
slide-rule, through early computers, 
then a necessary evil to the posi­
tion today where computers per­
meate all aspects of the subject 
f rom control of the apparatus to 
theoretical lattice gauge calcula­
tions. 

The state of the art, as well as 
new trends and hopes, were re­
flected in this year's 'Computing In 
High Energy Physics' conference 
held in the dreamy setting of Ox­
ford's spires. The 260 delegates 
came mainly from Europe, the US, 
Japan and the USSR. Accommoda­
tion and meals in the unique sur­
roundings of New College provided 
a special atmosphere, with many 
delegates being amused at the idea 
of a 500-year-old college still mer­
iting the adjective 'new'. 

The conference aimed to give a 
comprehensive overview, entailing 
a heavy schedule of 35 plenary 
talks plus 48 contributed papers in 
t w o afternoons of parallel ses­
sions. In addition to high energy 
physics computing, a number of 
papers were given by experts in 
computing science, in line wi th the 
conference's aim - ' to bring to­
gether high energy physicists and 
computer scientists'. 

The complexity and volume of 
data generated in particle physics 
experiments is the reason why the 
associated computing problems are 
of interest to computer science. 
These ideas were covered by Dav­
id Will iams (CERN) and Louis Hertz-

David Williams (CERN) sets the scene at the 
Oxford Conference on Computing in High 
Energy Physics. 

(Photo RAL) 
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Hands-on experience at the DEC demonstra­
tion. 

berger (Amsterdam) in their key­
note addresses. 

The task facing the experiments 
preparing to embark on CERN's 
new LEP electron-positron collider 
is enormous by any standards but 
a lot of thought has gone into their 
preparation. Getting enough com­
puter power is no longer thought 
to be a problem but the issue of 
storage of the seven Terabytes of 
data per experiment per year 
makes computer managers nervous 
even wi th the recent installation of 
IBM 3480 cartridge systems. 

Wi th the high interaction rates 
already achieved at the CERN and 
Fermilab proton-antiproton colliders 
and orders of magnitude more to 
come at proposed proton colliders, 
there are exciting areas where par­
ticle physics and computer science 
could profitably collaborate. 

A key area is pattern recognition 
and parallel processing for trigger­
ing. Wi th 'smart ' detector electron­
ics this ultimately will produce 
summary information already re­
duced and fully reconstructed for 
events of interest. 

Is the age of the large central 
processing facility based on main­
frames past? In a provocative talk 
Richard Mount (Caltech) claimed 
that the best performance/cost so­
lution was to use powerful work­
stations based on reduced instruc­
tion set computer (RISC) technolo­
gy and special purpose computer-
servers connected to a modest 
mainframe, giving maybe a saving 
of a factor of five over a conven­
tional computer centre. 

Networks bind physics collabo­
rations together, but they are often 
complicated to use and there is sel­
dom enough capacity. This was 
well demonstrated by the contin­
uous use of the conference elec­
tronic mail service provided by Oli­
vetti-Lee Data. The global village 
nature of the community was evi­

dent when the news broke of the 
first Z particle at Stanford's new 
SLC linear collider (May issue, page 
2). 

The problems and potential of 
networks were explored by Fran-
gois Fluckiger (CERN), Harvey New­
man (Caltech) and James Hutton 
(RARE). Both Fluckiger and Hutton 
explained that the problems are 
both technical and political, but 
progress is being made and users 
should be patient. Network man­
agers have to provide the best ser­
vice at the lowest cost. HEPNET is 
one of the richest structures in net­
working, and while OSI seems con­
stantly to remain just around the 
corner, a more flexible and user-
friendly system will emerge even­
tually. 

Harvey Newman (Caltech) is not 
patient. He protested that physics 
could be jeopardized by not mov­
ing to high speed networks fast 
enough. Megabit per second ca­
pacity is needed now and Gigabit 
rates in ten years. Imagination 
should not be constrained by pre­
sent technology. 

This was underlined in presenta­
tions by W . Runge (Freiburg) and 
R. Ruehle (Stuttgart) of the work 
going on in Germany on high band­
width networks. Ruehle concen­
trated on the system at Stuttgart 
providing graphics workstat ion ac­
cess through 140Mbps links to lo­
cal supercomputers. His talk was il­
lustrated by slides and a video 
showing what can be done with a 
local workstat ion online to 2 Crays 
and a Convex simultaneously! 
Ruehle also showed the importance 
of graphics in conceptualization as 
well as testing theory against ex­
periment, comparing a computer si­
mulation of air f low over the sun­
roof of a Porsche with a film of ac­
tual performance. 

Computer graphics for particle 
physics attracted a lot of interest. 
David Myers (CERN) discussed the 
conflicting requirements of soft­
ware portability versus perfor­
mance and summarized wi th 
'Myers ' Law of Graphics' - 'you 
can't have your performance and 
port it '. Rene Brun (CERN) gave a 
concise presentation of PAW (Phy-
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High Performance 
BaE> Scintillators 

MERCK - the authorized source! 

High quality BaF2 Scin­
tillators produced under 
CEA* patents 

MERCK together with 
CRISMATEC is sole 
licensee for such BaF2 

Scintillators 

Commissariat a I'Energie Atomique, 
Paris, France 

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

For further information 
please contact E. Merck, 
Darmstadt 

M E R C K 

E. Merck 
VIC ELO 
P.O.Box 4119 
D-6100 Darmstadt 1 
Phone: (06151) 723686 
Fax: (06151) 723630 
Telex: 419328-0 emd 

Manufacturing Line 
- Cryogenic Valves 

(Vacuum Jacketed and also for 
Cold Box Mount ing, DN 2 - DN100) 

- Special Valves for 
Cryogenic Applications 
(Check-Valves, Pilot Cryogenic 
Valves etc.) 

- Bellows Sealed Valves 
( D N 2 - D N 100, up to PN 300) 

- Cryogenic Transferlines 
and Couplings 
(Bayonet or Johnston Coupl ings, 
Multi-Coaxial Coupl ings) 

- Space Cryogenic Fittings 
- Tailor made Cryogenic 

Components e.g. 
Cryostats and Ejectors 

Cryogenic Control Valve 
pneumatically operated with 

electro-pneumatic positioner 
and limit switches 

cold box mounting 

for further informations: 

WEKAAG 
Hofstrasse 8, CH-8620 Wetzikon, Switzerland 
Phone (0)1 932 23 02, Telex 875 744, Telefax (0)1 932 43 03 

or in USA and Canada: 

PROVAC LTD 
POB18411, Greensboro, North Carol ina 27419 
Phone (919) 282 6618, Telex 510 600 4853, Telefax (919) 288 3375 
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Terry Schalk (SCIPP and SLAC) shows the 
first Z from the SLC Stanford Linear Collider 
at the Oxford Computing Conference. 

(Photo NPL Oxford) 

sics Analysis Workstat ion). De­
monstrations of P A W and other 
graphics packages such as event 
displays were available at both the 
Apol lo and DEC exhibits during the 
conference week. Other exhibitors 
included Sun, Meiko, Caplin and 
IBM. IBM demonstrated the power 
of relational database technology 
using the online Oxford English Dic­
tionary. 

Interactive data analysis on 
workstat ions is well established 
and can be applied to all stages of 
program development and design. 
Richard Mount likened interactive 
graphics to the 'oscil loscope' of 
software development and analy­
sis. 

Establishing a good data struc­
ture is essential if flexible and easi­
ly maintainable code is to be wri t ­
ten. Paulo Palazzi (CERN) showed 
how interactive graphics would en­
hance the already considerable 
power of the entity-relation model 
as realized in ADAMO. His presen­
tation tied in very well wi th a fasci­
nating account by David Nagel (Ap­
ple) of work going on at Cupertino 

o extend the wel l -known Macin­
tosh human/computer interface, 
wi th tables accessed by the 
mouse, data highlighted and the 
corresponding graphical output 
shown in an adjacent w indow. 

The importance of the interface 
between graphics and relational da­
tabases was also emphasized in 
the talk by Brian Read (RAL) on the 
special problems faced by scien­
tists using database packages, il­
lustrated by comparing the infor­
mation content of atmospheric 
ozone concentration f rom satellite 
measurements in tabular and gra­
phical form - 'one picture is wor th 
a thousand numbers'. 

The insatiable number-crunching 
appetite of both experimental and 
theoretical particle physicists has 
led to many new computer archi­

tectures being explored. Many of 
them exploit the powerful new (and 
relatively cheap) RISC chips on the 
market. Vector supercomputers are 
very appropriate for calculations 
like lattice gauge theories but it has 
yet to be demonstrated that they 
will have a big impact on 'standard' 
codes. 

An indication of the improve­
ments to be expected - perhaps a 
factor of five - came in the talk by 
Bill Martin (Michigan) on the vecto-
rization of reactor physics codes. 
Perhaps more relevant to exper­
imental particle physics are the pro­
cessor ' farms' now well into the 
second generation. 

Paul Mackenzie (Fermilab) and 
Bill McColl (Oxford) showed how 
important it is to match the archi­
tecture to the natural parallelism of 
a problem and how devices like the 
transputer enable this to be done. 
On a more speculative note Bruce 
Denby (Fermilab) showed the po­
tential of neural networks for pat­
tern recognition. They may also 
provide the ability to enable com­
puters to learn. Such futuristic pos­
sibilities were surveyed in an even­
ing session by Phil Treleavan (Lon­

don). Research into this form of 
computing could reveal more about 
the brain as well as help wi th the 
new computing needs of future 
physics. 

Wi th powerful new workstat ions 
appearing almost daily and wi th 
novel architecture in vogue, a ma­
chine-independent operating sys­
tem is obviously attractive. The 
main contender is UNIX. Although 
nominally machine independent, 
UNIX comes in many implementa­
tions and its style is very much that 
of the early 70s wi th cryptic com­
mand acronyms - few concessions 
to user-friendliness! However it 
does have many powerful features 
and physicists will have to come to 
terms wi th it to exploit modern 
hardware. 

Dietrich Wiegandt (CERN) sum­
marized the development of UNIX 
and its important features - nota­
bly the directory tree structure and 
the 'shells' of command levels. An 
ensuing panel discussion chaired 
by Walter Hoogland (NIKHEF) in­
cluded physicists using UNIX and 
representatives f rom DEC, IBM and 
Sun. Both DEC and IBM support 
the development of UNIX systems. 
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Conference Dinner in New College Hall Ox­
ford - left to right Paul Kunz (SLAC), Hans 
Hoffmann (DESY), Brian Davies (RAL), Geoff 
Manning (AMT), Robin Devenish (Oxford), 
Tom Nash (FNAL), Rudy Bock (CERN), Fred 
Bullock (UCL) and Yoshiyuki Watase (KEK, 
back to camera). 

(Photo RAL) 

David McKenzie of IBM believed 
that the operating system should 
be transparent and looked forward 
to the day when operating systems 
are 'as boring as a mains wall 
plug'. (This was pointed out to be 
rather an unfortunate example 
since plugs are not standard!) 

T w o flavours of UNIX are avail­
able - Open Software Foundation 
version one (0SF1), and UNIX In­
ternational release four (SVR4) de­
veloped at Berkeley. The t w o im­
plementations overlap considerably 
and a standard version will emerge 
through user pressure. Panel mem­
ber W. Van Leeuwen (NIKHEF) an­
nounced that a particle physics 
UNIX group had been set up (con­
tact HEPNIX at CERNVM). 

Software engineering became a 
heated talking point as the confer­
ence progressed. T w o approaches 
were suggested: Carlo Mazza, 
head of the Data Processing Divi­
sion of the European Space Opera­
tions Centre, argued for vigorous 
management in software design, 
requiring discipline and profession­
alism, while Richard Bornat ('SASD 
- All Bubbles and No Code') advo­
cated an artistic approach, likening 
programming to architectural de­
sign rather than production engi­
neering. A. Putzer (Heidelberg) re­
plied that experimenters who have 
used software engineering tools 
such as SASD would use them 
again. 

Paul Kunz (SLAC) gave a 
thoughtful critique of the so-called 
'software crisis', arguing that code 
does not scale wi th the size of the 
detector or collaboration. Most de­
tectors are modular and so is the 
code associated wi th them. Wi th 
proper management and quality 
control good code can and will be 
wr i t ten. The conclusion is that both 
inspiration and discipline go hand in 
hand. 

A closely related issue is that of 

verifiable code - being able to 
prove that the code will do what is 
intended before any executable 
version is wr i t ten. The subject has 
not yet had much impact on the 
physics community and was tack­
led by Tony Hoare and Bernard Su-
frin (Oxford) at a pedagogical level. 
Sufrin, adopting a missionary ap­
proach, showed how useful a ma­
thematical model of a simple text 
editor could be. Hoare demon­
strated predicate calculus applied 
to the design of a tricky circuit. 

Less high technology was appar­
ent at the conference dinner in the 
candle-lit New College dining hall. 
Guest speaker Geoff Manning, 
former high energy physicist, one­
time Director of the UK Rutherford 
Appleton Laboratory and now 
Chairman of Active Memory Tech­
nology, believed that physicists 
have a lot to learn from advances 
in computer science but that fruitful 
collaboration with the industry is 
possible. Replying for the physi­
cists, Tom Nash (Fermilab) thanked 
the industry for their continuing in­
terest and support through joint 
projects and looked forward to a 
collaboration close enough for in­
dustry members to work physics 
shifts and for physicists to share in 
prof i ts! 

Summarizing the meeting, Rudy 

Bock (CERN) highlighted novel ar­
chitectures as the major area 
where significant advances have 
been made and will continue to be 
made for the next few years. Stan­
dards are also important provided 
they are used intelligently and not 
just as a straitjacket to impede pro­
gress. His dreams for the future in­
cluded neural networks and the 
wider use of formal methods in 
software design. Some familiar to­
pics of the past, including code and 
memory management and the 
choice of programming language, 
could be 'put to rest'. 

A subsequent meeting agreed 
that an electronic clearing house 
for information on conferences on 
computing in high energy physics 
would be set up on the IBM ma­
chine at the Rutherford Appleton 
Laboratory. This may eventually 
become part of the HEPDATA da­
tabase. Next year's conference will 
be in April at Santa Fe, New Mexi­
co, organized by Los Alamos (con­
tact Tom Kozlowski via CIHEP at 
LAMPF). The Japanese KEK Labo­
ratory has indicated its willingness 
to host the 1991 meeting. 

By Sarah Smith and Robin Devenish 
of Oxford University's Nuclear Phy­
sics Laboratory 
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Around the Laboratories 
The park at CERN's new 'Microcosm' visitor 
centre, dominated by decommissioned but 
nonetheless still futuristic-looking equipment 
including the body and piston of the BEBC 
bubble chamber, phased out for physics in 
1985. 

(Photo CERN 154.11.88) 

CERN 
Shop window 

Public support is vital for the future 
of big science. The man in the 
street should understand what mo­
tivates physicists, what new 
knowledge has resulted and what 
are the key issues ahead. Wi th to­
day's big international collabora­
tions providing young scientists 
wi th hands-on experience in man­
agement and frontier technology as 
well as physics, it is important, es­
pecially for the younger generation, 
to see how this physics is done. 

Now taking shape at CERN is the 
nucleus of a new visitor centre, de­
signed to improve the presentation 
of CERN and its work to the ever­
growing number of sightseers and 
science students attracted to the 
Laboratory - over 20 ,000 last 
year. This number has been in­
creasing fast and the trend shows 
no sign of slackening. 

An international Laboratory f i ­
nanced by 14 West European 
States and used by scientists f rom 
all over the wor ld , CERN is situated 
on the Swiss-French frontier just 
outside the Swiss city of Geneva, 
itself one of the major crossroads 
of Europe. Most visitors come from 
France, Switzerland and nearby Ita­
ly, while the strong international 
community in Geneva assures an 
English-speaking contingent. 

To handle the language mix 
(English, French, German and Italian 
are standard options) and to fit in 
wi th CERN's own working sched­
ule, these visits are organized in 
advance. Volunteer guides take 
care of the groups, providing intro­
ductory explanations and arranging 
transport to suitable viewing points 
round the site. However this free 
attraction is becoming a victim of 

its own success, wi th bookings for 
Italian-speaking parties, for exam­
ple, taken one year in advance! In 
addit ion, the completion of the 27-
kilometre ring of the LEP electron-
positron collider, the wor ld 's lar­
gest scientific machine, means that 
CERN's installations are even more 
widely scattered, making sightsee­
ing more difficult. 

To handle this increasing influx 
of visitors and to overcome the 
problem of distance on-site, CERN 
has embarked on the 'Microcosm' 
project, eventually to be equipped 
wi th a full range of audio-visual 
aids and exhibits. 

New insights from particle phy­
sics have led to important develop­
ments in astrophysics and cosmo­
logy, extending our understanding 
of the creation of the Universe in 
an initial Big Bang and its subse­

quent development. The interplay 
between the t w o complementary 
physics horizons of the infinitely 
small and the infinitely large will be 
a basic theme in the Microcosm 
project. 

Microcosm visitors will be able 
to stroll in off the street wi th little 
or no prior arrangements neces­
sary, and concentrate on what in­
terests them. CERN's key role in 
higher education will be extended 
by the new centre acting as a natu­
ral focus for groups of high school 
and college students. Language dif­
ficulties will be overcome by cas­
sette packs. 

Wi th some infrastructure already 
in place and thanks to financial and 
material assistance from authorities 
in CERN's t w o host states (France 
and Switzerland) and from industry, 
the centre is taking shape. After 
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The superconducting coil manufactured by 
the UK Rutherford Appleton Laboratory for 
the H1 experiment arrives at the North Hall 
of the HERA electron-proton collider at 
DESY. 

leaving the reception area, visitors 
will walk through a fifteen-metre 
tunnel, a full-size mock-up of a sec­
tion of LEP, to reach the 640 
square-metre exhibition hall, divid­
ing into four main permanent 
themes - the universe of physics 
and the physics of the Universe; 
the people, ideas and equipment of 
the quest to probe the infinitely 
ksmall; CERN's installations and ac­
t ivi t ies; and CERN as an inter­
national organization. 

Attractions lined up include a 
spark chamber triggered by cosmic 
rays, and an online link (loaned by 
Apol lo Computers) to the OPAL ex­
periment at LEP, showing electron-
positron collisions as they happen. 
Proton-antiproton collisions will be 
screened on a Megatek display. 

The important links between 
particle physics and cosmology will 
be illustrated by exhibits designed 
by astrophysicists f rom Geneva 
University's Observatory. Illustra­
tions of the technological spinoffs 
f rom particle physics will focus on 
developments and applications of 
superconductivity. Here the Univer­
s i t y of Geneva is providing help. 

The permanent display covering 
two-thirds of the available space 
will be supplemented by temporary 
exhibits. LEP will be featured this 
year and next, giving way to dis­
plays organized by the European 
Southern Observatory and the Eu­
ropean Space Agency. 

Large-screen video material is 
being prepared in collaboration 
wi th the wel l-known Palais de la 
Decouverte science centre in Paris 
and Saclay's Institute of Funda­
mental Research. Additional spe­
cialized material will be viewed on 
TV screens. Computer-aided dis­
plays will also play a key role. 

A small park outside the hall is 
already the home for decommis­
sioned, but nevertheless still im­
pressive equipment, including the 

Cockcroft-Walton high voltage gen­
erator previously used to give 
CERN's protons their first nudge on 
the way to high energy, and the 
mighty BEBC bubble chamber, 
phased out in 1985. 

In its initial form, Microcosm will 
be ready for the public this autumn, 
but completion should take several 
more years, depending on the rate 
of funding. 

The steering group (Guy 
Hentsch, Maurice Jacob and Rafel 
Carreras, wi th Werner Kienzle as 
project leader) hopes that its pro­
ject will eventually triple in size, 
providing a natural focus for a dis­
play of European collaboration in all 
branches of fundamental research. 

DESY 
H1 and Zeus 

The t w o big experiments for the 
HERA electron-proton collider un­
der construction at DESY (Ham­
burg) have been in preparation for 

several years, but progress is now 
very visible (for a basic description 
of the experiments see Ju ly /Au­
gust 1986,« page 16 for Zeus and 
September 1986, page 11 for H1). 

In the t w o underground halls 
(North for experiment H1 and 
South for ZEUS) the iron structures 
are now ready and the 'rucksacks' 
housing the electronics (a three-
storey steel building attached to 
each detector) are being prepared. 

The 6 m diameter superconduct­
ing coil for H1 (very similar to that 
of the DELPHI experiment at 
CERN's LEP ring) has been com­
pleted at the UK Rutherford Apple-
ton Laboratory, cooled down and 
successfully tested at 4 0 % of the 
nominal current (without an iron 
yoke) in Apri l before shipment to 
DESY in May to be installed in the 
iron structure. The thin supercon­
ducting solenoid coil for Zeus (1.7 
m diameter) moves from Ansaldo's 
factory in Genoa to Hamburg this 
summer. 

Both detectors have central 
tracking wi th cylindrical and planar 
drift and proportional chambers, 
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The North Hall at the HERA electron-proton 
collider being built at the German DESY Lab­
oratory in Hamburg, where the H1 detector 
is taking shape. 

and construction involves many re­
search centres. The central Zeus 
tracking chamber is constructed by 
the UK groups. Mechanical assem­
bly has been completed and wire 
stringing will be finished at Oxford 
in November. The forward drift 
chambers and transition radiation 
detectors are under construction at 
Bonn. Bologna and Siegen are 
building the time expansion vertex 
chamber. Central tracking devices 
for H1 are being made by groups 
at DESY, Zeuthen (DDR), Zurich 
and Brussels, wi th the forward 
parts coming from Liverpool, Man­
chester, Rutherford and Orsay. In 
both collaborations series produc­
tion of chambers has already be­
gun. 

Calorimetry (energy deposition 
measurement) is by far the greatest 
challenge in HERA detector con­
struction. Zeus will use the de-
pleted-uranium (DU)/scintillator 
type, while H1 prefers liquid argon 
technology with iron and lead plate 
absorbers. 

Production of the Zeus DU 
plates (wrapped in stainless steel) 
is well underway. The fabrication 
of the other components is a multi-

institute effort, wi th the optical and 
electronic readout elements coming 
f rom DESY, Bonn, Freiburg, Ham­
burg, Louisiana, Madrid, Nevis, 
Ohio, Manitoba, McGill, Tokyo, 
Toronto, TRIUMF and Wisconsin. 
Stacking of the calorimeter mo­
dules has begun in Argonne, NIK-
HEF and York (Canada). A fourth 
stacking centre is being prepared 
at Julich. Production of the backing 
calorimeter is in the hands of War­
saw and Cracow; the first 200 
chamber modules have arrived at 
DESY in March and are being pre­
pared for installation in the iron 
yoke. The silicon detector to be in­
serted into the calorimeter is under 
construction at DESY, Tokyo and 
Weizmann with help f rom Brook-
haven. 

The iron and lead stacks for H1 
are assembled at Munich (MPI), 
Aachen, Dortmund, DESY, Orsay 
and Saclay with support f rom ITEP, 
Prague and Cosice. Saclay super­
vised construction of the cryostat 

by French industry. A factory cold 
test wi th nitrogen precedes the 
move to DESY in August. 

Extensive tests using both CERN 
and DESY beams have optimized 
and checked the calorimeter de­
signs. For Zeus, testing of the DU 
and backing calorimeter and the 
muon chambers continues, while 
calibration of calorimeter modules 
starts this summer at CERN and 
continues at CERN and Fermilab 
through next year. H1 calorimeter 
stacks have also been tested at the 
CERN SPS. Module installation 
starts in November for H1 and in 
January for Zeus. 

In parallel goes preparation of 
the trigger electronics, the readout 
system, simulation and analysis 
software and at each experiment a 
forward muon spectrometer using 
an iron toroid and tracking cham­
bers. 

Elaborate muon detection sys­
tems are being built at both colla­
borations - by Italian groups for 
Zeus and for H1 by Aachen, DESY, 
Hamburg, Rome and Wuppertal. A 
leading proton spectrometer for 
Zeus is being prepared by Bologna, 
Turin and Santa Cruz, and the ex­
periment's luminosity monitor built 
by Cracow will have its first expo­
sure to the HERA electron beam 
this summer. 

Zeus now involves 50 institutes 
and over 350 physicists while 
about 250 physicists from 29 insti­
tutes contribute to H1 . In fall 1990 
both groups will be ready to catch 
HERA's initial collisions of 820 
GeV protons and 30 GeV elec­
trons. 

HERA Hall South with ZEUS. 
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A radiofrequency quadrupole now gives 
Brookhaven's protons their first kick on the 
way to high energy. 

(Photo Brookhaven) 

BROOKHAVEN 
Upgrade progress 

A major upgrade now pushing 
ahead at Brookhaven's Alternating 
Gradient Synchrotron aims to pre­
pare the 29-year-old machine for 
Booster injection wi th an increase 
in the proton intensity to 6 x 1 0 1 3 

particles per pulse. This for a new 
generation of experiments (rare 
kaon decay, neutrino physics, the 
magnetic moment of the muon 
(April, page 7), ); to increase po­
larized proton intensity to 1 0 1 2 par­
ticles per pulse for multi-target spin 
physics; to accelerate heavy ions 
up to gold for heavy ion physics; 
and to improve flexibility and relia­
bility. 

Wi th a view toward substantial 
completion in 1993, t w o years 
after the planned debut of the 1.5 
GeV Booster, the upgrade pro­
ceeds in parallel wi th Booster con­
struction. The final step will be 
new AGS radiofrequency cavities. 

The upgrade began in 1985 wi th 
the vacuum system, which had 
been responsible for much of the 
unscheduled down time. Also, to 
minimize electron capture during 
heavy ion acceleration and for sta­
ble, high intensity proton beam ac­
celeration, pressures in the 10~9 

torr range are required. Finally, high 
intensity operation needs a low 
maintenance, radiation-hardened 
all-metal vacuum system. 

Upgrading the vacuum system is 
one of the more complex and t ime-
consuming tasks. Basically it en­
tails reducing the outgassing f rom 
the existing vacuum chambers, to­
gether wi th an increase in the 
pumping capacity. It means rework 
and/or replacement of practically 
all vacuum chambers, new ion 
pumps, all-metal valves, new va­

cuum clamps and seals, etc. A new 
computerized vacuum control sys­
tem was installed last summer, and 
completion is foreseen during a 
four-month shutdown next year. 

In 1986, development began of 
a new preinjector for the 200 MeV 
linac to replace the obsolete 750 
keV Cockcroft-Walton. The centre­
piece is a high current radiofre­
quency quadrupole (RFQ), con­
structed at Berkeley. Wi th a rota-
tionally symmetric magnetron 

source and fast beam diagnostics, 
performance this year has been ex­
cellent, wi th linac output now rou­
tinely in excess of 25 mA. Being 
commissioned is a 35 keV fast 
beam chopper (to remove undesira­
ble 200 MeV beam between 
bunches that are otherwise 
dumped in the AGS ring). Wi th a 
750 keV chopper, the linac can 
also deliver single 200 MeV micro-
bunches of less than a nanosecond 
every ten microseconds to the 
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Radiation Effects Facility for neu­
tron time-of-fl ight experiments. 

In the AGS, about 5 to 10% of 
the beam is lost passing through 
transition at 8.4 GeV. T w o comple­
mentary correction systems - a 
high frequency r.f. dilution cavity 
and a fast quadrupole jump 
scheme, both initiated in 1987 -
should cut these losses. The 93 
MHz dilution cavity will reduce po­
tential instabilities by reducing 
beam density (in longitudinal phase 
space) at selected times before, 
during, or after transition. This cav­
ity was installed last summer and is 
being commissioned. 

The other correction scheme 
makes a quick jump through transi­
t ion with the help of three fast 
pulsed quadrupole doublets equally 
spaced around the ring. It is ex­
pected to avoid transition beam 
losses up to intensities of 3 x 1 0 1 3 

protons per pulse. Now under con­
struction, it will be commissioned 
during the next financial year. 

About one percent of the beam 
is lost during fast extraction and 
about three to four percent in slow 
extraction. Reducing these beam 
losses is difficult. Wi th Booster in­
ject ion, the beam size is likely to in­
crease, and the present fast extrac­
tion equipment will have to be 
modified for the muon magnetic 
moment experiment. 

For higher intensities, the pre­
sent transverse damping is inade­
quate. A new broadband feedback 
system is under construction to 
control the resistive wall instability, 
to suppress coherent oscillations 
due to any beam injection errors 
wi th the Booster, and to help avoid 
possible bunch-to-bunch instabili­
ties. Installation of the new damper 
is planned for the next financial 
year. 

The ten existing r.f. accelerating 
cavities were built to handle beams 
of 1 0 1 3 particles per pulse. This 

system operates well and has sup­
ported intensities up to 1.9 times 
this figure. To reduce beam loading 
at the higher intensities expected 
wi th the Booster, the power ampli­
fiers have to be rebuilt and the r.f. 
drive system has to be improved, 
while the monitoring system will 
also be updated. The new system 
will be designed next year for con­
struction f rom 1991-3. 

Another improvement underway 
is for the Siemens main magnet 
power supply. The existing out-of-
date excitron rectifiers will be re­
placed wi th the more efficient Sili­
con Controlled Rectifier (SCR) mo­
dules, also from Siemens, in 1991 . 

Other AGS improvements in­
clude injection kicker and septum 
magnets; an improved low and 
high field tune correction system 
with highly accurate regulated mon­
opolar and bipolar power supplies; 
shortened quadrupoles and sextu-
poles to provide space for addi­
tional injection, extraction, and 
diagnostics equipment; an im­
proved internal beam dump and 
kicker; the computer control sys­
tem, using Apollo workstat ions 
and new device controllers; an en­
larged and modernized main con­
trol room; and, finally, a general 
overhaul and springclean of equip­
ment in the tunnel. 

The project has already begun to 
pay dividends with increased AGS 
operating efficiency. 

SYMPOSIUM 
Particle identification 

Typical elementary particle experi­
ments consist of a source of inter­
actions (an external beam and a 
fixed target or t w o colliding beams) 
and a detector system including 
most of the fol lowing components: 
a tracking system and analysis 
magnet, calorimetry (measurement 
of energy deposition), hadron and 
electron identification, muon detec­
t ion, trigger counters and proces­
sors, and data acquisition electron­
ics. 

Experiments aimed at future high 
luminosity hadron collider (proton-
proton or proton-antiproton) pro­
jects such as an upgraded Teva-
tron at Fermilab, the Large Hadron 
Collider (LHC) idea at CERN, and 
the proposed US Superconducting 
Supercollider (SSC), must ideally 
cover the entire solid angle and be 
capable of not only surviving the 
collisions, but also providing high 
resolution event information at in­
credible interaction rates. 

The Symposium on Particle 
Identification at High Luminosity 
Hadron Colliders held at Fermilab 
f rom 5-7 April (sponsored by Fer­
milab, the US Department of Ener­
gy, and the SSC Central Design 
Group) focused on this single facet 
of detector technology and was at­
tended by about 125 physicists 
and engineers f rom the United 
States, Latin America, Europe, and 
Japan. 

The main goal was to exchange 
information on the 'non-destruc-

The keynote talk on physics at the proposed 
US Superconducting Supercollider (SSC) 
came from Chris Quigg of the SSC Central 
Design Group, who gave a theorist's point 
of view. 

(Photos Fermilab) 
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Left to right, Gordon Thompson (Rutgers), 
Georges Charpak (CERN), and Dave Ander­
son (Fermilab) confer after Charpak's closing 
words at the recent Fermilab symposium on 
particle identification. 

t ive' identification of particles in the 
high luminosity hadron collider en­
vironment. Non-destructive in this 
case means that the particle 
emerges relatively unscathed, wi th­
out excessive energy loss, multiple 
scattering, or interaction probabili­
ty, so that it can continue being 
tracked or subsequently detected 
in a total absorption calorimeter. 
(Such a scheme will allow higher 
momentum resolution measure­
ments and the combination of ini­
tial identification fol lowed by calori-
metry can further help to differen­
tiate between electrons and ha-
drons. 

In a keynote talk on SSC phy­
sics, Chris Quigg gave a theorist 's 
viewpoint of the particles exper­
imentalists should be planning to 
identify. He was not directly con­
cerned with garden variety pions, 
kaons, protons, neutrons, etc., ex­
cept for the usefulness of neutral 
pion identification as a possible 
background for electrons, and the 
detection of single, direct photons 
coming from constituent interac­
tions. The theorist 's ideal would be 
to detect and identify electrons, 
muons, tau-leptons, neutrinos, 
charm-quarks, and bottom-quarks. 
In addition, throw in W s , Zs, and 
top-quarks directly, and through 
their most likely decays into hadron 
jets. Especially important is the 
measurement and identification of 
leading hadron fragments and elec­
trons within jets. This tall order is a 
challenge for experimentalists, but 
is needed to fully explore the zoo 
of new particles and possible new 
interactions made accessible by 
such new machines. 

Specific topics covered at the 
meeting included ring imaging 
Cherenkov (RICH) detectors, transi­
t ion radiation detectors (TRD), and 
synchrotron radiation (SR), t ime-of 
flight (TOF), and energy loss tech­
niques, as well as electronic read­

out applications and designs. 
The RICH technique identifies el­

ectrons, pions, kaons, and protons 
from the Cherenkov light produced 
as these particles pass through a 
radiator. This light is optically 
imaged into a ring whose diameter 
is correlated with the particle's 
mass and momentum. If the mom­
entum is known, the Cherenkov 
ring provides particle identification 
by mass. 

The session on RICH counters 
benefited from two of the founding 
fathers of this technique, T. Ypsi-
lantis and J. Seguinot, both of Col­
lege de France, who discussed the 
general techniques, optimizations, 
limitations, and outstanding prob­
lems. D. Leith of SLAC described 
the high technology and stringent 
quality control aspects going into 
the SLD RICH system. A. Breskin 
and V. Peskov spoke of R&D pro­
grams into low pressure RICH sys­
tems and the search for new pho­
tosensitive detector materials, 
respectively. 

Transition radiation is produced 
when a particle passes through an 
interface between two media, the 
amount increasing as the particle 
becomes more relativistic. The em­
itted transition X-rays can be pro­
duced coherently from a series of 

thin, closely spaced polypropylene 
foils. Since electrons give off more 
TR than pions, the main application 
is in electron/pion discrimination. 
The discussion on transition radi­
ation detection (TRD) included re­
ports of performance of existing 
large aperture-low rate or small 
aperture-high rate TRDs as applied 
in CERN and Fermilab collider and 
fixed-target experiments. Also pre­
sented were fabrication status of 
the TRD for the Venus detector at 
the Japanese KEK Laboratory and 
initial R&D studies for an SSC TRD 
system. It is apparent that at the 
higher fixed-target and SSC ener­
gies, this technique can provide 
good discrimination, not only be­
tween electrons and pions, but 
also between pions and kaons. 

Synchrotron radiation (SR) is em­
itted by ultra-relativistic particles 
bending in magnetic fields. For par­
ticle detection, it finds its main ap­
plication, like TRD, in electron/ha-
dron discrimination, as electrons 
emit SR copiously. Techniques for 
detecting SR photons were des­
cribed by R. Handler, wi th a con­
ventional analysis magnet wi th el­
ectron energies of 8 - 28 GeV. 
Wi th SR typically 20 keV X-rays, 
the xenon proportional chamber 
was the detector of choice. R. Ru-
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Pictured inside the SRS Synchrotron Radi­
ation Source ring at the UK Daresbury Labo­
ratory are participants at the recent course 
'Synchrotron Radiation and Free Electron 
Lasers' organized by the CERN Accelerator 
School and the Daresbury Laboratory. 

(Photo Daresbury) 

sak, on the other hand, is design­
ing for 100 GeV electrons in a 5 
tesla superconducting magnet, 
leading to SR above 10 MeV, to be 
detected in a very fine grained 
shower counter in which the pho­
tons convert into electron-positron 
pairs. 

Wi th the application of these de­
vices at high luminosity colliders 
ktill in its infancy, much preliminary 
R&D still has to be done before a 
full acceptance detector utilizing 
such techniques can be seriously 
considered. The overall detector 
R&D programme for the SSC was 
described by Gil Gilchriese. 

The symposium was summar­
ized by Georges Charpak of CERN, 
the father of the multiwire propor­
tional, drift, and gated multistep 
avalanche chambers. He underlined 
the great technical challenges of 
the SSC with its 15 nanosecond 
crossing t imes, huge event multipli­
cities, and huge rates. Innovative 
high resolution detector technolo­
gies will continue to find productive 
application far beyond the particle 
ohysics environment. In closing, 
Charpak commented, 'In response 
to the theorist 's promise of gaugi-
nos and squarks, we experimental­
ists are supposed to provide gadg-
etinos and swire cham­
bers....Thank God for the young 
people! ' . 

ACCELERATOR 
SCHOOL 
Casting light 

A booming spinoff f rom high ener­
gy physics is the synchrotron radi­
ation sector which exploits the in­
tense radiation given off when 
beams of charged particles are 

bent. Wi th particle physics and the 
applications of synchrotron radi­
ation very different, and wi th new 
dedicated laboratories being built 
for the latter, there is a natural 
tendency for the t w o communities 
to drift apart. However a step in 
the other direction came wi th the 
course 'Synchrotron Radiation and 
Free Electron Lasers' organized by 
the CERN Accelerator School (CAS) 
and the Daresbury Laboratory, held 
in Chester, UK. 

As well as an opportunity to re­
view the fundamental theory of 
particle accelerators and learn the 
subtleties of light sources and free 
electron lasers, the course revives 
and broadened contacts between 
the sometimes divergent communi­
ties. 

This dual role of teaching and 
promoting contacts was also ap­
preciated by industry, wi th five 
firms (Acer Freeman Fox, EEV, Ox­
ford Instruments, ICI and Tesla) 
sponsoring the course, and wi th a 
large contingent from industry 
among the participants. The spe­
cialized technologies needed for 
optical systems in unconventional 
frequency domains, permanent 
magnet undulators, superconduct­
ing compact machines, etc., pro­
vide useful targets for industrial 
innovation. 

CAS is now organizing a new 
specialized course on power con­
verters to be held in Montreux, 
Switzerland, from 26-30 March 
1990. This is a field where the exi­

gencies of accelerators have 
pushed the criteria for stability, re­
producibility and reliability far 
beyond those of standard industrial 
practice. 

CAS is also registering partici­
pants for its next Advanced Accel­
erator Course, to be held in Upp­
sala, Sweden, f rom 18-29 Septem­
ber. Proceedings of some previous 
courses (Antiprotons for Colliding 
Beam Facilities, Applied Geodesy, 
Superconductivity in Particle Accel­
erators) are still available. Contact 
Mrs. S. von Wartburg, CERN Ac­
celerator School, LEP Division, 
CERN, 1211 Geneva 23 , Switzer­
land. 

CERN 
States new 
and revisited 

Despite the challenge of higher en­
ergy frontiers, the accurate charting 
of meson resonances in the range 
1-2 GeV is still a major particle 
physics objective. There are many 
states in this band, many of them 
yet to have their quantum numbers 
measured definitively. Some states 
overlap so that in some mass inter­
vals the situation is still confused. 

Proton-antiproton annihilation 
has traditionally been a good place 
to look for meson resonances, and 
this continued wi th a series of ex­
periments at the LEAR low energy 
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GROUP LEADER 
EXPERIMENTAL FACILITIES 

The Superconducting Super Collider (SSC) is a basic research laboratory 
designed to advance understanding of the structure of matter. 

Our developing organization has an immediate need for an experienced 
professional to manage the design and implementation of experimental 
facilities in response to the dynamic needs of the SSC experimental 
program as part of the mission of the Physics Research Division of the SSC 
Laboratory. 

This key position requires a responsive scientist to interact with other SSC 
divisions and the experimental community to determine the optimal 
facilities for SSC experiments and test beams. 

Qualifications: 
• Ph. D. in Physics. 
• Minimum 5 years experience designing, constructing and managing 

facilities in support of major high energy physics experiments. 
• Significant management experience with demonstrated interper-

sonnel, planning, work direction, evaluation and administrative 
skills. 

Refer to Job Number SSC 890440 
The SSC Laboratory is managed for the U.S. Department of Energy by 
Universities Research Association, Inc. (URA), a consortium of 72 leading 
research universities. URA employees enjoy competitive salaries and a 
comprehensive benefits program, including relocation assistance. 
Applications stating the Job # and including a curriculum vitae, salary 
history, and the names of three references should be sent by September 15, 
1989 to: 

SSC Personnel Office 
119 Executive Way 
Suite 301 
DeSoto, TX 75115 
USA 
Attn: Cyndi Smith 

Supercollider 
URA is an equal opportunity, affirmative action employer. ^_ 

R I C E 
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 experience 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, Fermi lab , CERN, 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 experimental 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 all experiments; in particular, postdoctoral feL 
lows gain a wide variety of experience by working in both fields. 

Rice is a small private university, dedicated to excellence in the academic 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 - all these 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. 

Resumes: Professor B. E. Bonner, Director 
Bonner Nuclear Lab, Rice University, Houston, TX 77251-1892 

C A R L E T O N 
U N I V E R S I T Y 

The OPAL Experiment at LEP 

RESEARCH ASSOCIATES 
The High Energy Experimental Physics group at Car-
leton University invites applications for Research 
Associate positions with the OPAL project. OPAL is 
a multi-purpose detector operating at the electron-
positron collider LEP at CERN. 

Our responsibilities in OPAL include the high-reso­
lution vertex drift chamber and a cylindrical barrel 
of z-measurement drift chambers, components of 
the central track detector system. We are also invol­
ved in the software for data and physics analysis. 

Please send application, with curriculum vitae and 
the names and addresses of three referees by Sep­
tember 30, to: 

Dr. R. K. Carnegie 
Department of Physics 
Carleton University 
Ottawa, Ontario, CANADA 
K1S 5B6 

In accordance with Canadian immigration require­
ments, this advertisement is directed to Canadian 
citizens and permanent residents. 
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A new state, the AX at 1565 MeV, shows 
up in the analysis by the Asterix experiment 
at CERN's LEAR Low Energy Antiproton 
Ring of the charged pion pairs from the anni­
hilation of protons and antiprotons into three 
pions. 

0.2 0 .4 0.6 0.8 1. 1.2 1.4 1.6 1.8 

inv.mass (rr+n~) [GeV] 

antiproton ring looking at annihila­
tion via the formation of protonium 
- antiprotonic 'atoms' - where the 
antiproton is snared into orbit by 
the electromagnetic field of a target 
proton (December 1986, page 11). 

The quantum levels of these 
atoms tag the subsequent produc­
tion of hadronic states. The 'Aster­
ix' study produced protonium 
atoms in a gas target and observed 
annihilations from both P and S 
states (carrying one and zero quan­
tum units of angular momentum 
respectively). Using the atomic X-
ray spectra to select P states, the 
physicists looked at annihilations 
producing three pions (two charged 
and one neutral) and saw the f2 
meson at 1270 MeV, together wi th 
a striking new peak in the distribu­
tion of the t w o charged pions at 
1565 MeV. (The f2 and the new 
state are not visible in annihilations 
from S states.) An angular momen­
tum breakdown of the two-pion 
system suggests an intrinsic angu­
lar momentum (spin) of t w o units, 
and positive parity, hinting at a 
state made up of t w o quarks and 
t w o antiquarks, or a nucleon-anti-
nucleon resonance. 

Another w indow on resonance 
production comes f rom the W A 7 6 
(Athens/Bari /Birmingham/ 
CERN/Paris) experiment at CERN 
using the Omega spectrometer to 
look at the production of s low-
moving central 'b lobs' formed by 
the overlap of the outer reaches of 
t w o colliding protons. 

The experiment has also made a 
preliminary survey of two-p ion and 
two-kaon systems near their pro­
duction threshold for signs of the 
multiple resonance structure first 
seen in a detailed angular momen­
tum analysis of two-pion and t w o -
kaon states produced almost at 
rest in proton-proton collisions in 
the Axial Field Spectrometer at 

CERN's old Intersecting Storage 
Rings (January/February 1987, 
page 16). 

One of these resonances has 
been proposed as the long-awaited 
lightest 'glueball' state - a particle 
made up of the gluons responsible 
for inter-quark forces rather than 
the conventional component quarks 
themselves. Other states in the 1-2 
GeV mass range are in the queue 
for recognition as glueballs, one 
candidate being the f2 meson near 
1720 MeV (previously known as 
the theta particle) seen first in elec­
tron-positron annihilations. 

W A 7 6 has now seen this parti­
cle for the first time in hadronic 
reactions. Using 300 GeV protons 
and looking at the spectrum of 
pairs of kaons, both of the charged 
and the short-lived neutral type, the 
experiment sees a resonance near 
1710 MeV, wi th a width of 100-
200 MeV. 

Careful analysis of the angular 
distributions favours a spin-parity 
assignment of two-plus, in line 
wi th previous determinations. The 
same analysis also attributes a 
two-plus assignment to the f 2 
prime at 1525 MeV. 
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ACCELERATOR SCIENTISTS AND ENGINEERS 
Argonne National Laboratory wil l be entering the construct ion phase of its 7-GeV Advanced Photon Source (APS) Project. The 
APS is a state-of-the-art synchrotron x-ray source optimized to produce insertion-device radiation. APS accelerator facilities 
comprise a 7-GeV low-emit tance positron storage ring 1100 m in circumference, a 7-GeV synchrotron, a 450 -MeV positron 
accumulator ring, a 450 -MeV positron linac, and a 200-MeV electron linac. The challenges of building the facility offer great 
potential for professional g rowth for scientists and engineers in the fo l lowing areas: 

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

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

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

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

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

Argonne is an equal opportunity/affirmative action employer. 

serc'l 

High Energy Physics 
Research Associates 

There are vacancies for Research Associates to 
work with groups in high energy physics. Groups 
from the Rutherford Appleton Laboratory are 
working on experiments at CERN, DESY, ILL and 
SLAG. There is in addition a vacancy in the HEP 
Theory Group. 

Candidates should normally be not more than 
28 years old. Appointments are made for 3 years, 
with possible extensions of up to 2 years. RAs are 
based at the accelerator laboratory where their 
experiment is conducted, and at RAL, depending 
on the requirements of the work. Most exper­
iments include UK university personnel with whom 
particularly close collaborations are maintained. 

For an application form please contact 
Recruitment Office, Personnel and Training 
Division, Rutherford Appleton Laboratory, 
Science and Engineering Research Council, 
Chilton, Didcot, Oxon OXf 1 OQX, England. Tel: 
( 0235 ) 4 4 5 4 3 5 , quoting reference VN758. 

^ ^ R u t ^ r f o r d Appleton Laboratory 

m 

Postdoctoral Positions 
Experimental Nuclear/ 
High Energy Physics 
The Physics Department at Lawrence Livermore National 
Laboratory has challenging openings at the postdoctoral level 
in several of its new programs in experimental nuclear phys­
ics. Included are opportunities to participate in new research 
programs at the interface between nuclear and high energy 
physics, including studies of relativistic heavy ion collisions 
at the BNL AGS facility and the first nuclear physics studies 
utilizing 5-15 GeV electrons proposed for the PEP ring at 
SLAC. There are also opportunities to contribute to a search 
for shape isomers and superdeformed nuclei using the LLNL 
tandem Van De Graaff and various other US low energy nu­
clear facilities. In all of these areas, exceptional candidates 
will have wide latitude to pursue independent research direc­
tions supported by LLNL research groups within major in­
ternational collaborations. 
Successful applicants will be encouraged to initiate their own 
creative research programs in addition to participating in on­
going projects. Applications for outstanding recent PhD grad­
uates in experimental nuclear and high energy physics will 
be welcome. U.S. citizenship is preferred. 
Salary and fringe benefits are very competitive. To apply, 
please send a resume, a brief statement of research interests 
and three letters of reference to: Nancy Kolo, Lawrence 
Livermore National Laboratory, P.O. Box 5510, L-725, Dept. 
KCY81903A, Livermore, CA 94550. An Equal Opportunity 
Employer. 

University of California 

11 [ft Lawrence Livermore 
National Laboratory 
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People and things 

New Fermi lab Director John Peoples (left) 
with former Director Leon Lederman. 

John Peoples becomes Fermi lab's 
Director 

John Peoples becomes Fermilab's 
Director for a five-year term, fol­
lowing the retirement of Leon Led­
erman on 1 July after his second 
five-year term. Fermilab's founding 
Director, Robert R. Wilson, served 
from 1967-78. 

After physics at Columbia and 
Cornell, John Peoples has made 
important contributions at Fermilab 
to both experimental and accelera­
tor physics. He led the team which 
designed the Laboratory's Antipro-
ton Source, going on to become 
Deputy Head of the Accelerator Di­
vision. In October 1987 he was 
nominated Head of the Magnet Di­
vision for the proposed US SSC 
Superconducting Supercollider and 
last year became Fermilab's Deputy 
Director. 

On people 

Herwig Schopper, CERN'S Director 
general from 1981-8, received a 
doctorate honoris causa of Geneva 
University on 8 June. 

Theorist Michael Green of Lon­
don 's Queen Mary College was 
among the 40 scientists elected 
this year to Britain's prestigious 
Royal Society. 

Our May issue (page 26) wrongly 
described C. Becchi as a student of 
Raymond Stora, winner of this 
year's Alexandre Joannides Prize. 
The Becchi/Rouet/Stora scheme 
work was worked out when C. 
Becchi was visiting Marseille from 
Genoa. 

Michael Moravcsik 

Michael Moravcsik died unex­
pectedly on 25 April in Torino, Ita­

ly, where he had been visiting the 
university while on leave from the 
University of Oregon. His long and 
energetic contribution to high and 
intermediate energy theoretical 
physics as well as science policy 
and development will be sorely 
missed. Generations of graduate 
students and post-docs from third 
world countries will remember his 
efforts on their behalf. Theoreti­
cians who knew and worked with 
him will miss his enthusiasm and 
insight and dedication to under­
standing. 

From Gary R. Goldstein 

Louis Pons 

Louis Pons, Professor at the Uni­
versity of Caen, died on 13 May, 
aged 61. He played a crucial role in 
the launching of the Institut 

d'Etudes Scientifiques de Cargese 
in 1958. 

Fluorine-18 for hospital use 

CERN's 600 MeV Synchro-Cyclo­
tron (SC) is to make fluorine-18 for 
radiopharmaceuticals used to de­
velop positron-emission tomogra­
phy (PET) imaging techniques at 
Geneva's Cantonal Hospital. PET it­
self is a spinoff from particle phy­
sics ideas: CERN and the Geneva 
hospital closely collaborated in the 
development of the technique. 

Fluorine-18 for the hospital has 
been supplied by the Paul Scherrer 
Institute three hours away in the 
north of Switzerland, but with the 
half-life of the isotope being only 
110 minutes, not much time or 
fluorine remained when the sam­
ples arrived. At the SC, the fluorine 
is manufactured using a target en­
riched with oxygen-18. 
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The CERN exhibition was in Italy in May as 
guest of the Fine Arts Conservation organiz­
ation of the city of L'Aquila in a collabora­
tion with IN FN and the nearby Gran Sasso 
Laboratory. The stand was designed to inte­
grate into a large underground hall of the re­
stored Fort Espagnolo. At the exhibition 
inauguration, CERN was represented by LEP 
Project Director Emilio Picasso, with many 
personalities from Italian scientific and politi­
cal authorities. 

Real time award and conference 

At the Real-Time Conference at 
Williamsburg, Virginia, in May, 
Rene Brun of CERN's Data Handling 
Division was presented with the 
second CANPS Award attributed 
by the 'Computer Applications in 
Nuclear and Plasma Sciences' tech­
nical subcommittee of the Nuclear 
and Plasma Sciences Society of the 
IEEE for outstanding achievements 
in the applications of computers in 
nuclear and/or plasma sciences. 
Brun's award is in recognition of 
the development of the GEANT 
computer program to simulate high 
energy physics events - one of the 
mainstays of particle physics com­
puting. 

The next Real-Time Conference 
will be held at Julich, West Germa­
ny starting on June 18 1991, con­
tact Klaus Muller, KFA Julich 
ZEL/NE, Postfach 1913, D-5170 
Julich, Germany. For information 
on CANPS award nominations con­
tact Chris Gould, North Carolina 
State Univ., Department of Physics, 
Box 8202, Raleigh, NC 27695, 
USA, telephone 919-737-2512, 
bitnet: GOULD at NCSUPHYS. 

Nikolai Tyurin (right), one of the two Vice-Di­
rectors of the Institute for High Energy Phy­
sics at Protvino, near Serpukhov, Moscow 
region, with Lucien Montanet, CERN's coor­
dinator for Soviet affairs, outside the Soviet 
Academy of Sciences in Moscow after a re­
cent round of talks to extend CERN-Soviet 
collaboration in particle physics. 

(Photo V. Hatton) 
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The alternatives are small. 
Buckbee Mears specializes in producing 
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printed circuit boards such as this 34" x 
42" detector board. In fact, we produced 
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precisely built large size circuits, put our 
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Particle factories 

Proposed 'dog-bone' schemes for small el­
ectron-positron colliders. 

Physicists' attention is in­
creasingly turning to the high 
luminosity frontier - providing 
enough collisions to amass 
sizable numbers of rare ev­
ents - to complement the tra­
ditional quest for higher ener­
gies. This month we cover 
three areas where projects 
are now being considered. 

Phi-factory workshop 

Following an initiative by Conrad 
Kleinknecht of Mainz, Guido Barb-
iellini of Trieste and Walter Hoog-
land of the Dutch NIKHEF Laborato­
ry, the interesting possibilities 
opened up by a high-luminosity el­
ectron-positron collider operating 
near the phi resonance at 1020 
MeV were investigated at a recent 
two-day informal workshop at NIK­
HEF. 

Such a phi factory is being con­
sidered at the Soviet Novosibirsk 
Laboratory, where a collider is al­
ready operational at that energy 
range, and ideas are also being ac­
tively explored at Mainz, Trieste, 
Frascati and NIKHEF. 

Associated physics objectives 
have to do with violation of the 
combined left-right reflection and 
particle-antiparticle reversal (CP) 
symmetry - a physics effect still 
not fully understood 25 years after 
its discovery. 

The decay of a phi into a short­
lived and a long-lived kaon, wi th 
both kaons decaying into t w o 
pions, produces unique interference 
effects due to the antisymmetric 
character of the phi. Experiments in 
this domain would have an impact 
if up to 1 0 1 0 decays into t w o 
charged and t w o neutral pions 

could be collected. The workshop 
considered both the prospects to 
reach a high enough collision rate 
(luminosity well beyond 1 0 3 2 per 
sq cm per s) and the design of suit­
able detectors. 

The discussions on CP violation 
began wi th Heinrich Wahl (CERN) 
surveying past, present and pro­
posed CP violation experiments. 
Detector designs covering a nearly 
complete solid angle for an elec­
tron-positron collider were des­
cribed by Guido Barbiellini of 
Trieste and Claudio Santoni of Ba­
sel, Klaus Peters of Mainz and Frits 
Erne of NIKHEF. The kinematics of 
phi factories would provide inter­
esting new opportunities to study 

delicate effects in the decays of 
short- and long-lived neutral kaons. 

A lot of imagination has gone 
into the design of suitable circulat­
ing-beam colliders, described at the 
meeting by Andreas Streun of 
Mainz. The possibilities included 
circular rather than flat beam solu­
t ions, combined with separate 
rings for electrons and positrons, 
and bunches alternating between 
the t w o rings. Luminosities above 
1 0 3 3 , wi th large tune shifts, up to 
0 .12 , seem possible wi th such 
schemes. A more conservative ap­
proach for NIKHEF (Jan Botman -
Eindhoven) promises a few 1 0 3 2 . 

Antonio Dainelli f rom Padua con­
sidered the possibilities of posi-
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trons in a superACO ring colliding 
wi th electrons supplied by a super­
conducting linac Such schemes 
originating from John Rees and re­
cently revived by P. Grosse-Wies-
mann of Stanford have been 
looked at for a phi-factory by Carlo 
Rubbia and Albin Wrulich in con­
nection wi th the planned Elettra 
synchrotron light source at Trieste. 

uminosities of a few times 1 0 3 2 

seem within reach, but Sergio Taz-
zari of Frascati underlined potential 
difficulties due to possible instabili­
ties due to significant energy de­
posited in the interaction point, and 
a beam disruption parameter of the 
order of 50 , leading to curled up 
beams. 

John Jowet t of CERN, summariz­
ing this session, argued that the 
double storage ring machines 
looked more promising than 
schemes involving linacs. However 
these schemes to push storage 
ring technology to its limits were 
beginning to look almost 'conven­
tional ' compared wi th some of the 
other ideas presented at the work­
shop. Although no phi particle fac-
ory has yet been built, a luminosi­

ty of 1 0 3 2 seems within reach. 
A final session looked at other 

physics opportunities. Mike A lbrow 
(Rutherford/Stockholm) considered 
radiative decays, wi th imaginative 
photon detection using liquid noble 
gases. Bernard Jean-Marie of Or-
say reviewed physics results be­
tween 1 and 2 GeV achieved so far 
using relatively modest collision 
rates. Mario Greco showed the 
need for accurate hadron produc­
tion measurements over a wide en­
ergy range to make precision cor­
rections to the mass of the Z bos­
on and the magnetic moment of 
the muon. 

In conclusion, Frits Erne under­
lined how a phi-factory wi th lumi­
nosities in the 1 0 3 2 " 3 3 area would 
give a substantial boost to CP vio­

lation measurements. Building an 
electron-positron collider to gua­
rantee this performance is far f rom 
straightforward, and the first task 
is an extensive programme of cal­
culations to f irm up the existing 
proposals. NIKHEF Director Walter 
Hoogland remarked that the cost 
leaves room for only one such fa­
cility in Europe. 

PSI 
Planning for B meson 
factory 

The rich physics potential of a co­
pious supply of B mesons (contain­
ing the heavy b quark) has awa­
kened interest in B-meson 'facto­
ries'. 

Wor ldwide more than ten 
groups are looking at possibilities 
for electron-positron colliders wi th 
total energies around 10 GeV and 
wi th luminosities in the 1 0 3 3 " 3 4 per 
sq cm per s range. These very high 

The Paul Scherrer Institute (formerly SIN) 
spanning the River Aare in Switzerland, 
showing the twin-ring structure of the pro­
posed B-meson factory. 

collision rates are necessary to see 
the violation of the combined 
left/r ight reflection particle/antipar-
ticle (CP) symmetry in B-decays, 
should its strength be as predicted 
by the Standard Model. So far, CP 
violation physics has been confined 
to the neutral kaon sector. 

But CP-violation is just one of 
many interesting topics at B-facto-
ries - neutral B mixing, rare B-de­
cays and upsilon spectroscopy are 
also on the menu, while charmed 
baryons and the tau lepton wait for 
complete investigations. 

In addition to high luminosity it is 
important to have lots of running 
t ime, a small diameter beam pipe 
at the interaction points for good 
resolution of the fine details of the 
collisions, and low background in 
the detectors. 

A pioneer and now well ad­
vanced proposal is the double stor­
age ring project at the Paul Scher­
rer Institute (PSI - formerly SIN) in 
Villigen, Switzerland. After en­
dorsement by an international re­
view committee, a physics, ma­
chine and detector proposal was 
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Worth a closer look 

Printed Data Collections or Data Banks? 

In the age of computer storage of scientific data the 
role of printed data collections has to be discussed. Will 
floppy disks and CD-ROM's take the place of printed 
books? Will the LANDOLT-BORNSTEIN Series be 
replaced by a data bank in the near future? 

The answer can only be that both are necessary, print­
ed data collections and computer stored data. Data 
banks are no substitute for printed information. Elec­
tronic retrieval can provide very fast access to indivi­
dual items of information and large amounts of data 
can be stored and distributed on-line. However, if a 
broader scope is required, a computer search can lead 
to an avalanche of redundant information which the 
user then has to condense and to evaluate, not know­
ing who has - when and according to what criteria - put 
this information into the computer. Furthermore, such 
a search can be more expensive than the price of a 
good printed data collection on this field. Even, look­
ing for a single value, it is often advantageous to have a 
table available with data collected, condensed and 
assessed by a well-known specialist. 

Thus, printed data collections should not compete 
with data bases by presenting data in exactly the same 
way. Rather, they should complement one another. 
Since the first edition more than a hundred years ago, 
LANDOLT-BORNSTEIN has followed a policy con­
sistent with this aim. It provides data with all informa­
tion necessary for its assessment, e.g. the experimental 
conditions and method of measurement and evalua­
tion as well as due reference to the original paper. Gra­
phical representations are used to an increasing extent 
to replace tables of data. LANDOLT-BORNSTEIN 
thus presents an overall picture, permitting direct 

access to single items of data as well as a ready compar­
ison between various data and providing a complete 
view of all relevant material on a particular physical 
quantity. Last but not least the reader is kept informed 
on who has chosen and assessed the data selected from 
the huge amount published in scientific papers. 

Nevertheless, the great mass of data published does 
raise the question as to whether selected parts of the 
contents of LANDOLT-BORNSTEIN should not be 
made available on-line, in floppy disk or compact disk 
forms as well as (or instead of) the printed version. Dis­
cussions are currently in progress as to whether such 
changes can and should be implemented in the future. 
We will keep you informed in due course in one of our 
Newsletters. 

Otfried Madelung 
Editor-in-Chief 

LANDOLT-BORNSTEIN NEWSLETTER 

This is the first Newsletter the Editorial Staff of 
LANDOLT-BORNSTEIN is publishing to inform 
scientists and librarians about news, facts and 
background information with emphasis on recent 
volumes and volumes in preparation. 
LANDOLT-BORNSTEIN Newsletter is published 
twice a year. 

LANDOLT-BORNSTEIN 

A new feature in LANDOLT-BOR^tp^ , ' P M
 C h e m i s t r * «eopC« 

C I U P m e n t s concerning the 

Please write foryour free copy to-
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Alvaro de Rujula's view of lower energy el­
ectron-positron collider physics. Left, the 
DORIS (DESY) and SPEAR (SLAC) rings 
grew fat on charmonium resonances, while 
the proposed tau-charm factories (top) have 
a good chance of grasping rare physics. 
Centre, Cornell's CESR ring with a harvest of 
heavy quark fruits. Right, PETRA (DESY) and 
PEP (SLAC), lean and mean on a physics 
diet largely restricted to inter-quark glue. 

recommended for further evalu­
ation. Hopefully it will be formally 
forwarded to the Swiss govern­
ment this fall, the final step being 
approval by the Swiss Parliament. 
Construction could begin at the 
earliest by the end of next year 
wi th first electron-positron colli­
sions expected during 1995. 

The collider design is based on a 
multi-bunch double storage ring 
with t w o interaction regions and 
zero degree beam crossing angle. 
Beam separation uses either elec­
trostatic deflection plates or a ra-
diofrequency magnet. Energy ex­
tends f rom 1.5 to 7 GeV per beam, 
wi th injection using two linear ac­
celerators of 200 and 400 MeV, a 
400 MeV accumulator ring and a 6 
GeV synchrotron. 

A luminosity of 1 0 3 3 should be 
reached after one year of commis­
sioning. Fivefold higher luminosities 
could eventually be attained by 
storing higher currents. The collider 
could operate either in a symmetric 
mode wi th beams of equal energy 
or asymmetrically wi th 4 on 7 GeV 
to produce B-mesons wi th a rela-
ivistic boost. 

According to designer K.Wille 
(Dortmund), the luminosity in the 
asymmetric mode is expected to 
be a few times lower than wi th 
symmetric operation. But experi­
ments using the asymmetric mode 
would profit f rom a better recon­
struction of short-lived B-meson 
decays. 

The rings could accommodate 
t w o experiments. A contender for 
one of the intersections is the 
Crystal Barrel experiment now run­
ning at CERN's LEAR Low Energy 
Ant iproton Ring. A t PSI, this ex­
periment would look at the physics 
of J /ps i and psi prime particles. 

About 50 interested physicists 
f rom Germany, France, Poland, 
Switzerland and the US are pre­
sently working towards a detailed 

proposal for the other interaction 
region. The detector aims for ex­
cellent vertex resolution of 20 mi­
crons for B decays using a thin sili­
con vertex detector, pion/kaon 
separation up to 2.5 GeV momen­
tum with a fast ring imaging Cher-
enkov (RICH) counter and good 
neutral pion reconstruction in a 
finely segmented cesium iodide ca­
lorimeter. So far there have been 
eight plenary meetings of the de­
tector study group, the latest hav­
ing been in Paris at the end of 
March. The next one will take place 
in the last week of September at 
Fribourg, Switzerland. Further infor­
mation from R.Eichler (ETH/PSI) 
and K.R.Schubert (Karlsruhe). 

Tau-charm factory 

Late in May a workshop at Stan­
ford (SLAC) explored the idea of a 
high-luminosity electron-positron 
collider operating between 3.0 and 
about 4.2 GeV. Such a 'tau-charm 
factory' would manufacture up to 
1 0 1 0 J /ps i particles (with 'hidden 
charm'), 1 0 8 charmed mesons and 
almost 1 0 8 tau leptons per year at 
its design luminosity of 1 0 3 3 per sq 
cm per s. 

First proposed by Jasper Kirkby 
at CERN, such a collider is now un­
der consideration at SLAC, and by 
institutions in Japan, Spain and the 
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Soviet Union, as a logical next step 
in storage ring development after 
the newly-commissioned BEPC ma­
chine in Beijing. 

Attracting almost 200 partici­
pants from 12 countries, including 
40 accelerator physicists, the 
workshop began wi th plenary ses­
sions, wi th working groups sub­
sequently examining various as-
oects of machine and detector de­
sign, and physics prospects. 

Machine discussions began wi th 
John Jowet t ' s design for a double 
ring machine with a single clash-
point. Electrostatic separators 
would enable each ring to carry 24 
bunches and a fat beam current of 
half an ampere. Other designs also 
used a two-r ing scheme. Gus Voss 
of the German DESY Laboratory 
suggested using about 400 
bunches and 'crab crossing' to in­
crease the luminosity to 5 x 1 0 3 3 . 
Susumu Kamada of the Japanese 
KEK Laboratory outlined the idea of 
a tau-charm factory in the TRIS­
TAN Accumulator Ring. During an 
evening session, Juan Antonio Ru-
bio of CERN and CIEMAT (Madrid) 

utlined Spanish plans to build a 
tau-charm factory near Seville. 

While the accelerator physicists 
deliberated how to build a tau-
charm factory, the rest of the parti­
cipants studied how to use it for 
research. CERN's Alvaro de Rujula 
launched discussions among the 
physics and detector groups, point­
ing out the complementary particle 
physics frontiers of high energy 
and high luminosity. 

The working group on tau phy­
sics stressed how the tau lepton 
and its neutrino are less well under­
stood than the other leptons, large­
ly because of the small supply 
available so far. Current tau 
measurements still allow large de­
viations from the Standard Model, 
and 'new physics' could emerge 
f rom higher statistics. Tau decays 

would be an excellent testbed for 
the Standard Model, and the tau 
neutrino mass could also be fixed. 

Led by Rafe Schindler, the 
charmed meson working group ex­
amined precision measurements of 
inter-quark couplings, leptonic de­
cays of D mesons, neutral D mixing 
and rare D decays. There was also 
plenty of interest in the possibility 
of observing CP violation in the D 
meson system either directly or 
through mixing. 

Fifteen years after its discovery, 
charmonium (charmed quarks and 
antiquarks bound together) is still 
an exciting field. A group led by 
Walter Toki examined the potential 
of a tau-charm factory for glueballs 
(particles composed of the gluon 
carriers of the inter-quark force), 
quark/gluon hybrids and exotic 
four-quark states. An enormous 
number of J /psi and psi-prime de­
cays would provide a good probe 
of the force between charmed 
quarks. 

Organized by Jasper Kirkby, the 
detector group produced a design 
using fairly low-risk technologies (a 
high-resolution central tracking 
chamber wi th large solid angle, and 
a crystal electromagnetic calorime­
ter) that nevertheless satisfied the 
stringent constraints imposed by 
the physics and accelerator groups. 
Particle identification and full cover­
age of all emerging particles (hermi-
ticity) are stressed, the latter ac­
complished using an outer fine­
grained neutral hadron tagger, and 
allowing good coverage of tau neu­
trinos. 

On the final morning of the 
workshop, John Jowet t concluded 
for the machine builders. A double-
ring electron-positron collider oper­
ating in the tau-charm energy range 
could indeed be built wi th the de­
sired luminosity, but it would re­
quire a dedicated injector/accumu­
lator to ' top off' the beams fre­

quently, keeping the machine near 
its peak luminosity. A t the highest 
currents, multibunch instabilities 
and ion trapping in the electron ring 
would need a lot of attention. 

In a final summary, Martin Perl of 
SLAC, who discovered the tau lep­
ton more than a decade ago, esti­
mated a tau-charm factory to have 
a useful researth lifetime of 10 to 
15 years. The physics, he ob­
served, 'would be broad, deep, 
and exciting.' 

From Rafe Schindler 

ANNIVERSARY 
25 years without CP 

In 1964 a small group of Princeton 
University physicists led by Jim 
Cronin and Val Fitch performed a 
landmark experiment at Brookhav-
en. Using a double-arm spectro­
meter, they showed that long-lived 
neutral kaons occasionally decayed 
into a pair of pions - violating the 
hitherto sacrosanct CP symmetry 
of combined mirror reflection and 
particle-antiparticle switching 
(April, page 4). 

From May 21-26 scientists ga­
thered at the Chateau de Blois, 
southwest of Paris, to celebrate 
the 25th anniversary of this 
achievement. In an opening ses­
sion, surveys and reminiscences of 
the principal experiments on CP 
violation were presented by Robert 
Adair, Abraham Pais and Jack 
Steinberger. Surprisingly absent 
f rom this nostalgia was any de­
tailed discussion of the Cronin-Fitch 
experiment that started all the fuss. 

That afternoon the four princi­
pals in the 1964 experiment out­
lined their current research pro-
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A magnet cell of the new Beijing electron-
positron collider. 

Zhou Guang Zhao, left, president of the Chi­
nese Academy of Sciences, and T.D. Lee, 
both directors of the new China Centre of 
Advanced Science and Technology 

(CCAST), pictured early in June at a Beijing 
physics symposium that was to end prema­
turely. (Photo M. Jacob) 

CHINA 

Early in June, two workshops 
organized in Beijing by the Chi­
na Centre of Advanced Science 
and Technology (CCAST), a spin­
off of World Laboratory, had to 
terminate abruptly. The meet­
ings, on fields, strings and 

jects. James Christenson sung the 
praises of DO, the next-generation 
detector due to start operation 
next year at the Fermilab proton-
antiproton collider (May, page 16). 
Cronin discussed the Chicago Air-
Shower Array being installed 
around the Fly's-Eye Detector in 
Utah, while Fitch reviewed the 
work of his group and others in the 
search for a fifth force. Rene Turlay 
of Saclay closed the day wi th a 
summary of the progress being 
made for CERN's new LEP elec­
tron-positron collider and the ex­
pectations for its first round of 
physics. 

Ensuing sessions focussed on 
current research in CP violation and 
the B mesons (carrying the fifth 
'beauty' quark). Prominent among 
these are the NA31 experiment at 
CERN and Fermilab E731 , which ^ 
looked for evidence of direct CP 
violation in neutral kaon decays. 
Ken Peach of Edinburgh reiterated 
the previously reported NA31 re­
sult (July/August 1988, page 7) 
giving an additional insight into CP 

quantum gravity, and on rela-
tivistic heavy ion collisions, 
were scheduled to run for at 
least another week. 

Participants at the meetings 
from abroad had been im­
pressed by the new Beijing el-

violation. Bruce Winstein of Chica­
go looked at the emerging analysis 
of the Fermilab experiment, but 
would neither confirm nor refute 
the NA31 result. 

Looking at the ratio of CP violat­
ing and CP conserving neutral kaon 
decays into pairs of pions, the 
phase difference between the re­
sults for neutral and for charged 
pions is a crucial test of CPT con­
servation (CP plus time reversal 
symmetry). Before the meeting, 
this difference hinted at a possible 
violation, but both experiments 
came in wi th values consistent wi th 
zero. The physics cornerstone of 
CPT could consider itself saved. 

On Wednesday morning Henning 
Schroder of DESY and Persis Drell 
of Cornell presented updated re­
sults on B decays from the ARGUS 
and CLEO collaborations respect­
ively. They found themselves in 
complete agreement on the level of 
neutral B mixing, while the ARGUS 
evidence for charmless B decay 
(September 1987, page 3) has 
withered away. Haim Harari of the 

ectron-positron collider, now in 
operation, and the achieve­
ments of their Chinese collea­
gues and Chinese industry, and 
hope that the road to further 
progress and collaboration will 
remain open. 

Weizmann Institute explained the 
implications for the Standard Mod­
el, surmising that the long-awaited 
sixth ' top ' quark is probably heav­
ier than 100 GeV. 

The meeting concluded with a 
day devoted to astrophysical and 
cosmological implications. Of cen-i 
tral interest was the baryon asym­
metry of the Universe during the 
first picosecond of the Big Bang. 
'We are here,' noted Rocky Kolb of 
Fermilab, 'as a result of CP viola­
t ion ' . 

Closing, Lincoln Wolfenstein of 
Carnegie-Mellon said that progress 
had come very slowly in 25 years 
of trying to understand CP viola­
t ion. But progress was indeed be­
ing made, and would continue to 
be made by increasingly refined ex­
periments and theoretical analysis. 
'Nature has been performing an el­
egant striptease,' Fred Gilman had 
remarked a few days earlier. 'We 
just have to be patient and enjoy 
it. ' 

From Michael Riordan 
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Need Help Keeping 
Up With The 
Knowledge Explosion? 

57"A/ International® Gives You 
Something To Celebrate! 

If you've been searching 
through printed sources for 
the physics information you 
need, you know how time 
consuming that can be. By 
searching online at your per­
sonal computer with STN 
International® you quickly 
obtain comprehensive, up-to-
date information about high 
energy physics with these 
databases: 

• PHYSICS BRIEFS-pro-
duced by FIZ Karlsruhe 

• INSPEC—from the Institu­
tion of Electrical Engineers 

• COMPENDEX-corre-
sponds to the Engineering 
Index Monthly 

• ENERGY—produced by the 
U.S. Department of Energy 

• JICST-E—from the Japan 
Information Center of 
Science and Technology 

• CHEMICAL ABSTRACTS-
by Chemical Abstracts Ser­
vice, a division of the 
American Chemical Society 

These files contain millions 
of bibliographic references 
covering the worldwide 
literature on all aspects of 
physics, engineering, mathe­
matics, and energy. YouII be 
able to access online informd-
tion about: 
• Complex particle detectors 
• Superconductor super­

colliders 

• Agencies that are funding 
research in high energy 
collider physics 

• The attributes of quarks 
•'The physics of weak inter­

actions 
• Decay of weak bosons 

These files are available 
through STN International® 
Send for your information 
packet today! 

STN International® is operated in Europe by 
FIZ Karlsruhe; in Japan, by JICST (the Japan 
Information Center of Science and 
Technology); and in North America, by 
Chemical Abstracts Service, a division of the 
American Chemical Society. 
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