
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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