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More kick for less
pounds, francs, yen,
deutschmark
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ordollars.

Good news for particle accelerators.

EEV, a world leader in high energy switching
thyratrons, has now developed a single cathode |
multi-gap tube that operates as a bi-directional switch. ™

Now you can double the power delivered to
kicker magnets without substantial rebuilding costs.

This new tube, the CX1671, is a plug-in
replacement for the CX1171. Its unique hollow anode
design was originally developed by EEV to switch
the severe inverse voltages occuring in pulsed gas
discharge lasers. =

When operating at an anode voltage of 80kV, it ™.
has proved capable of switching 2500 amps of T
reverse current in a 2 microsecond pulse, without any
degradation in performance after 10 million pulses.

For further information on this state-of-the-art
thyratron, contact EEV today.

( CM1 20U, England, Tel: 0245 261777. Telex; 99103.
NY 10523, USA. Tel: 914 592 6050. Telex 6818096,
™ io MOV 3Y6. Tel; 416 745 9494
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and Certified for Outgassing
Behavior up to 500°C
® Solid Stock Raw Materials
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The Particle Hunters

YUVAL NE’EMAN and YORAM KIRSH

This entertaining book gives a non-technical account of the fascinating

story of the search for the fundamental building blocks of matter.

‘... complete, self-contained, and highly readable ... an invaluable historical

commentary on the state of play as of 1986.” New Scientist
272 pp. 1986 0 521 30194 7 Hard covers £25.00 net/$49.50

0 521 317800 Paperback £7.95 net/$13.95

Introduction to Experimental
Particle Physics

RICHARD C. FERNOW

Bringing together the most important topics in experimental particle

physics over the last forty years, this book gives a brief but balanced

overview of the subject. Throughout the book, each chapter begins with a

discussion of the basic principles involved, followed by selective examples.
431 pp. 1986 0 521 30170 X £32.50 net/$44.50

The Ghost in the Atom

A Discussion of the Mysteries of Quantum Physics
P. C. W. DAVIES and J. BROWN

This book is based on a Radio 3 broadcast, of the same title, and includes
interviews with several distinguished physicists, including Alain Aspect,
John Bell, John Wheeler, Rudolf Peierls, David Deutsch, John Taylor, David
Bohm and Basil Hiley. The text covers many of the intriguing and
perplexing paradoxes and implications of quantum physics.

157 pp. 1986 0 521 30790 2 Hard covers £17.50 net/$29.95

0 521 31316 3 Paperback £6.50 net/$9.95

By arrangement with the British Broadcasting Corporation
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(207) 655-4555 « (800) 341-9678
TWX: 710-229-6890

Story of the W and Z
PETER WATKINS

This is a first-hand account by one of the scientists involved in the CERN
research which identified the W and Z bosons. The author not only
describes the original experiments but gives his own personal account of
the hard work, frustrations and great excitements that make up the Story of
the W and Z.
236 pp. 0 521 26801 X Hard covers £25.00 net/$44.50
0 521 31875 0 Paperback £7.95 net/$13.95

1986

Supersymmetry and its
Applications:

Superstrings, Anomalies and Supergravity

Edited by G. W. GIBBONS, S. W. HAWKING

and P. K. TOWNSEND

This volume contains papers presented at the Nuffield Workshop held at
Cambridge in 1985 and attended by many of the leading experts in the
field. It reviews a number of recent advances in the area of anomalies, the
topology of gauge theories, superstrings, supergravity and super Yang-Mills
theory. 481 pp. 1986 0 521 30721 X £27.50 net/$49.50

Group Structure of Gauge Theories
L. O'RAIFEARTAIGH
The author’s aim in this monograph is to present applications of the theory
of compact Lie groups to the physics and fields, showing the way in which
they are used to construct gauge theories and to describe the fundamental
interactions.

172 pp. 1986 0 521 25293 8 £20.00 net/$34.50
Cambridge Monographs on Mathematical Physics
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Seed in Cambridge or Clayton Gordon in New York.

I Cambridge University Press
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Insulating Materials with High Radiation
Resistance

The Swiss Insulating Works together with CERN
carried out detailed tests about the radiation resis-
tance of numerous high voltage insulating ma-
terials. The results published in the “CERN Publi-
cation 85-02 of the Technical Inspection and Safe-
ty Commission” prove the usability of selected in-
sulation under working conditions with high radia-
tion. Aradiation dose of 5x107 Gy affects only very
little the break down voltage of our conductor in-
sulating tape Grade 366.16 which consists of sami-
capor, glass fabric and silicone resin. Our high volt-
age insulating material for motors and other elec-
trical apparatus behaves similarly good: Samica-
therm consisting of samicapaper, glass fabric and
epoxyresin withstands a dose of 1x108 Gy and re-
tains at the same time 50% of its original flexural
strength.

Your reliable partner

for electrotechnical insulation problems

The chambers in VETRONITE G-10 are manufactured and
machined by Swiss Insulating Works.

Your specialist in base materials for printed

circuit boards

® Base material for FR-4

® Multilayer

® Multiwire ®

® Base material for CC-4 Additive Process ®

® Flexible Copper Clad Laminates with modified
epoxy adhesive (a Sheldahl product)

® Base materials for microelectronics

( ® Trade Mark of PCKTechnology)

The Swiss Insulating Works Ltd
CH-4226 Breitenbach/Switzerland

Tel. 061/80 2121 Telex 62479
Fax 061/80 20 78

Our manufacturing programme includes also
VarnishesandResinsforthe manufacture ofelectri-
cal machines and for the electronic equipments
with excellent dielectric and protective properties.

SOLA

We also obtained excellent results with our Lami-
nates Epoxy Glass Cloth VETRONITE G-10 and
VETRONITE G-11 as well as with Epoxy Glass Mat
DELMAT. Radiation Doses of 107 Gy for example
lead not to a substantial loss of the mechanical
properties.
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Berkeley Conference

To a regular observer at annual
international meetings, progress

in particle physics from one year
to the next sometimes might seem
ponderously slow. But shift the
timescale and the result is startling.

Opening his summary of the
1986 International Conference on
High Energy Physics, held in Ber-
keley, California, from 16-23 July,
Steve Weinberg first recalled the
1966 Conference, also held in Ber-
keley. Then the preoccupations
were current algebra, hadron re-
sonances and the interpretation
of scattering in terms of Regge
poles, and the theory of weak in-
teractions. Physics certainly has
moved.

In those days the luxury of to-
day’s Standard Model was ‘incon-
ceivable’. This picture (the elec-
troweak unification plus the
quark/gluon field theory of nuclear
forces) is now ‘not seriously ques-
tioned’, said Weinberg, ‘however
it is full of holes and loose ends’.
The absence of the sixth (‘top’)
quark ‘was not a worry’. ‘More
troublesome’ was the absence of
clues to the Higgs mechanism (the
source of mass in the electroweak
sector), but ‘'something must show
up by 1 TeV (1000 GeV)’, he main-
tained.

Weinberg compared quantum
chromodynamics (QCD, the field
theory of quarks and gluons) to
hydrodynamics. Both are compli-
cated theories with difficult equa-
tions. ‘One doesn’t study turbu-
lence to test the Navier-Stokes
equations (of hydrodynamics)’, he
declared. Quark/gluon interactions
under simpler conditions, as in the
production of ‘jets’ of hadrons,
were in his view a better test of
the theory.

Earlier on the final day of the
Conference Bill Scott of the UA1
team at CERN covered the status
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The Zellerbach auditorium on the Berkeley
campus, scene of the plenary sessions at
the meeting.

(Berkeley photos by Douglas McWilliams)

of QCD. Good measurements of
the quark/gluon distributions inside
nucleons are required as input and
this data is steadily accumulating
and improving.

‘Impressive’ according to Scott
was the agreement between theory
and experiment for the production
of W and Z particles and of jets
(indicative of violent interactions
between quarks — or gluons —
inside the colliding particles) in
proton-antiproton annihilations.
Since the first jet data from the
CERN proton-antiproton Collider
were presented at Paris in1982,
the experiments have gone on to
cover an enormous kinematical
range. Additional insights come

from last year's results over the
range of energies obtained by
‘ramping’ the CERN Collider. It is
interesting that the level of lower
energy jets increases at higher col-
lision energies.

‘Fragmentation’ — the descrip-
tion of how invisible quarks and
gluons produce visible particles —
has benefited from data covering
a wide range of conditions. Differ-
ent methods exist for comparing
the behaviour of quarks and
gluons, but appear to give similar
results. In past years there had
been two main contending expla-
nations — the so-called 'string’
and ‘independent fragmentation’
models, but the latter is now



‘dead’, affirmed Scott.

Among Weinberg's ‘loose ends’
were the outstanding questions of
why certain symmetry patterns
work and why there are a limited
number of quarks and leptons
grouped into generations. He
spoke of the ‘frustration’ of the
alternative theoretical attempts to
answer these questions, none of
which had anything to show. How-
ever Weinberg was confident that
the energy frontiers being opened
up by new machines would help.

Like several other speakers dur-
ing the Conference, Weinberg men-
tioned a few events picked up by
the UA1 detector at the CERN Col-
lider producing a pair of jets to-
gether with some ‘missing energy’
indicative of an invisible escaping
particle and which could fall out-
side the net of conventional phy-
sics.

The implications of unified theo-
ries which attempt to remove unsa-
tisfactory loose ends were covered
by Roberto Peccei of DESY. After
briefly describing the new sugges-
tion of a fifth force (see April issue,
page 9), and the unexplained ef-
fects seen in heavy ion studies at
Darmstadt (see April issue, page
22), Peccei turned to the ‘super-
string’ idea, the main contender
for a ‘Theory of Everything’ (see
page 12). Whatever else they im-
ply, superstrings have to invoke
supersymmetry, which means that
the number of particles has to be
doubled. Thus the search is on for
the LSP — Lightest Supersymme-
tric Particle. Peccei did not think
that the couple of UA1 dijet events
were a candidate LSP signal since
UA1 sees mostly single ‘'monojets’
accompanying missing energy.

In charting the vast energy
ranges covered by these ambitious
theories, Peccei underlined the
inaccessibility of most of the ter-

2

rain through laboratory experi-
ments, indicating that we would
probably have to rely on non-accel-
erator experiments to peek into
this obscure world.

As for the theorists trying to
explain it all, Peccei classified them
either as ‘desert trekkers’ who
started from global first principles
and worked from the top down,
or as ‘moose herders’ who basi-
cally worked from the bottom up
while trying to keep their feet firmly
on the ground.

It was John Schwarz of Caltech
who led the plenary audience to
worship at the shrine of super-
strings. This theory was also stout-
ly defended by Weinberg, who
maintained that in the absence of
other ideas superstrings provided
‘the only avenue for under-
standing’.

Although describing the theory
as ‘compellingly beautiful’ and
comparing it to Einstein’s general
relativity, Weinberg warned that
it required a “high entrance fee’ in
terms of mathematical education,

Stewart Loken of Berkeley, chairman of
the Local Organizing Committee at the
Conference. With some 1600 participants,
it was one of the biggest physics meetings
ever.

hindering communication between
theorists and experimentalists.

The non-accelerator experiments
which are increasingly being relied
upon to probe otherwise inacces-
sible energy domains were des-
cribed by Maurice Goldhaber of
Brookhaven. The motivation for
these studies had come from initial
efforts to construct Grand Unified
Theories, which predicted an un-
stable proton. The limits on proton
stability are steadily being pushed
out. Goldhaber pointed out that if
the proton lifetime needs to be as
long as 1047 years, it implies a
few counts per hour for the whole
of the planet. ‘The detector is
ready but not the readout’, he
remarked.

Isolated examples of candidate
decays have been found, but
Goldhaber maintained that ‘a single
event does not show that the pro-
ton decays’.

Turning to other effects, Goldha-
ber underlined the ‘versatility’ of
detectors constructed to look for
proton decay. ‘They could detect
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a number of things but they
haven’t’, he commented wryly.

Michel Davier of Orsay had the
task of summarizing searches for
new particles, and admitted at the
outset that despite having
‘hundreds of transparencies’ at his
disposal, he had only negative
results to report. The sixth (top)
quark which had been hinted at
by UAT1 in recent years had no
new supporting evidence. An em-
barrassment was the continuing
inability to pin down the Higgs
mechanism — ‘more elusive than
we thought’, remarked Davier.

The electroweak sector that
according to Weinberg had been
‘inconceivable’ back in 1966 was
covered by Guido Altarelli of Rome,
who described the impressive pre-
cision now being attained in deter-
minations of the electroweak para-
meters. Pointing to the couple of
possibly unexplained UA1 dijet
events, Altarelli classified them as
‘interesting but not statistically
significant” and preferred to wait
and see.

The initial evidence for B particle
mixing from the UA 1 experiment
(see page 17) gives additional in-
sights into the Standard Model,
said Altarelli. As for the missing
Higgs, he pointed to theoretical
implications which had yet to be
tested.

More support for the Standard
Model came from Murdock Gilch-
riese of Cornell, speaking on weak
interactions. The lifetimes and de-
cay modes of the tau lepton and
of charm and beauty quarks were
steadily being sorted out, although
here and there some more work
was needed. Overall, the Standard
Model was ‘not seriously ques-
tioned’ claimed Gilchriese, and
moreover there was not even any
‘smoking gun’ pointing at potential

P page 5

Berkeley Conference summarizer Steve
Weinberg displays a model of coupled
neutrino oscillations which demonstrated
how the behaviour of a neutrino beam could
change on passing through matter. This
‘MSW' effect (the W does: not stand for
Weinberg) could throw new light on the
long standing puzzle of solar neutrinos.

FERPRRR——————————

Still controversial

It is some sixty years since the
existence of the neutrino was con-
troversially postulated by the con-
troversial Wolfgang Pauli. Today,
the neutrino remains controversial.
At the Berkeley Conference, sum-
marizer Steve Weinberg kept the
spotlight on these enigmatic parti-
cles during a considerable portion
of his talk.

The neutrino sector was speci-
fically covered earlier in the ple-
naries by Guido Altarelli of Rome,
speaking on the standard electro-
weak model. Neutrino results from
passive experiments away from
accelerators were dealt with in a
plenary talk by Maurice Goldhaber
of Brookhaven. These summary
talks reflected in turn the in-depth
treatment of an earlier parallel ses-
sion on neutrino masses and oscil-
lations.

The so-called ‘solar neutrino
problem’ has puzzled physicists

for years. So far the measured
level of neutrinos arriving from the
sun is consistently less than what
is expected from conventional cal-
culations based on models of the
sun’s interior. To check and extend
these measurements, a new gen-
eration of solar neutrino experi-
ments is being prepared.

Last year an interesting new
explanation for the solar neutrino
problem was put forward. Now
called the MSW Effect (Mik-
chayev / Smirnov / Wolfenstein),
it proposes that different types of
neutrinos can mix through a subtle
resonance effect which depends
on the density of the surrounding
matter. Weinberg brought to Ber-
keley a toy model of coupled oscil-
lations to illustrate it.

The neutrino session began with
a masterly description by Lincoln
Wolfenstein of Carnegie-Mellon of
standard neutrino dogma, indicat-
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ing current ‘theoretical prejudices’.
Despite the difficulties of estimat-
ing the expected level of solar neu-
trinos on earth, the classical pre-
diction can now be made with
considerable confidence. However,
if the new oscillation idea is cor-
rect, then new measurements of
solar neutrinos could show more
effects. Solar studies should be a
useful probe of small neutrino
masses, said Wolfenstein.

With the interest turning to neu-
trino masses, John Wilkerson des-
cribed a new measurement at Los
Alamos of the electron-neutrino
mass using helium 3 beams, indi-
cating a mass below 27.2 eV. This
is inconsistent with the value most
favoured by the long-standing
study at Moscow's Institute for
Theoretical and Experimental Phy-
sics, but not entirely inconsistent
with the ITEP mass range of 17
to 40eV.

Orrin Fackler of Livermore gave
a review of neutrino mass
measurements using helium 3.
About a dozen studies are under-
way throughout the world. The
Moscow ITEP group’s range has
to be reconciled with new
measurements at SIN (Switzerland
— see June issue, page 15). A
Japanese experiment is giving an
upper limit of 33 eV, and a similar
limit is being reported by a Chinese
experiment.

Neutrino masses lead on to neu-
trino oscillations — transformations
between ‘different’ types of neu-
trinos. The group working at the
Bugey reactor (France) has a small
kinematical corner where neutrino
oscillations are not ruled out, but
which is disallowed by other exper-
iments. The Bugey data were des-
cribed by Roy Aleksan of Saclay,
who said that in an effort to clarify
the situation new data had been
taken at a further Bugey experi-

CERN Courier, October 1986

ment. Results would soon be avail-
able, perhaps towards the end of
this year.

After several talks on the impli-
cations of oscillations for solar
neutrinos, E. Bellotti of Milan gave
a status report on the Gallex solar
neutrino experiment now being
prepared for the Gran Sasso under-
ground Laboratory in Italy by a
Heidelberg / Karlsruhe / Milan /
Munich (TU) / Nice / Rome / Sa-
clay / Weizmann collaboration.

After presentations from individ-
ual experiments, Francois Vannucci
of Paris gave a review of neutrino
oscillation searches at accelerator
experiments. He had only limits
from negative results to report,
except for a clue from an Athens /
CERN / Paris study at CERN which
set out to look for decays of heavy
neutrinos but found instead an
excess of electromagnetic show-
ers, hinting at an unexplained ex-
cess of electron neutrinos.

With CERN’s low energy neutrino
beam no longer available, this
study had switched to Brookhaven,
amassing fifteen times the data
taken at CERN. An analysis of the
first third of this new data shows
that the anomalous signal is still
there.

In his summary talk, Altarelli
suggested however that there is
‘little hope’ of seeing (vacuum)
neutrino oscillations at reactors
and accelerators, but oscillations
were of importance for solar neu-
trinos.

In his concluding talk, Weinberg
suggested that hints of a synthesis
of Nature’s forces beyond the elec-
troweak sector might not come
from proton decay searches, as
had once been the hope. Instead
it could be that solar neutrinos
provide us with a new window
into physics in some otherwise
unattainable energy range.

<

defects in the theory.

Quark spectroscopy was handled
by Susan Cooper of Stanford who
tried to unravel the tangle of pos-
sible ‘glueball’ candidates — parti-
cles composed of gluons instead
of or in addition to quarks. In some
areas there were a lot of states
being found, not all of which
looked like a quark bound to an
antiquark. This might be hard to
sort out, she suspected. Both
Cooper and Gilchriese did a valiant
job in coping with the new meson
nomenclature (see November 1985
issue, page 390).

Introducing the plenary sessions,
local organizing committee chair-
man Stewart Loken said it had
been a ‘disappointment’ that two
distinguished Soviet speakers had
not been able to attend the Con-
ference. At short notice, Orlando
Alvarez of Berkeley covered the
general properties of field theory,
stepping in for A. Polyakov of
Moscow, and Larry McLerran of
Fermilab dealt with high energy
nuclear interactions in place of
E. Shuryak of Novosibirsk.

Several years ago, experiments
with muon and electron beams
found that the quark structure of
nucleons depended very much on
the surrounding nuclei. Dubbed the
EMC (European Muon Collabora-
tion) Effect, it provoked much the-
oretical speculation. ‘'The EMC
Effect is alive and well but smaller
than before’, observed MclLerran.
New data from the EMC experi-
ment at CERN now show a less
marked variation in one kinematical
region.

Echoing what was said in the
parallel session, McLerran sus-
pected that less radical mechan-
isms might be required to explain
this gentler effect, and perhaps
conventional nuclear physics ideas
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would be enough. However, addi-
tional information on nucleon struc-
ture in nuclei is required, which
might soon be available.

The developments in experiment-
al techniques which exploit the
new machines and provide new
physics data occupied one paraliel
session, summarized by Fabio Sau-
li, who underlined the need for
simple and reliable construction
techniques in building today’s (and
tomorrow’s) detectors. He con-
cluded with an enormous transpar-
ency depicting the development
of tracking detectors.

Chris Llewellyn-Smith of Oxford
looked into the future, predicting
what might be found at new high
energy colliders. It was ‘a scandal’,
he remarked, to say that electro-
weak unification was a success
when-we do not understand why
the photon (the carrier of electro-
magnetism) is so much lighter than
the carriers of the weak force.
Depending on what it turned out
to be, even the discovery of the

Higgs mechanism might not clear
up this question.

Introducing Weinberg's conclud-
ing talk, Italo Mannelli, chairman
of the Particles and Fields Commis-
sion of the International Union of
Pure and Applied Physics, thanked
the local organizers for their tire-
less efforts. With 1600 partici-
pants from 45 countries, the Ber-
keley Conference was one of the
biggest physics meetings ever.
The next meeting in this series is
scheduled for Munich in 1988, by
which time big new machines
should be providing samples of
the physics harvest of the next
decade.

Berkeley reports by Gordon Fraser

Time out at Berkeley. Wolfgang Kummer
of Vienna and President of CERN Council
with Satoshi Ozaki, head of the TRISTAN
project at the Japanese KEK Laboratory.

After the intermission

The Berkeley conference seemed
to mark a brief intermission in high
energy particle physics. A first
survey with big non-accelerator
experiments built to search for
proton decay has given largely
negative results and showed that
new physics horizons are further
away than expected. At the Lab-
oratories, big machines which once
made physics headlines are no
longer in the front line, while even
the big experiments at the CERN
proton-antiproton Collider making
physics history only a few years
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ago are undergoing major surgery
to prolong their active lives.
Meanwhile a new generation of
big machines and detectors is be-
ing prepared in the wings. The
Tevatron Collider at Fermilab,
TRISTAN in Japan, Stanford’s new
Linear Collider, LEP at CERN, HERA
in Germany... These projects will
be the focus of attention at future
international physics meetings.
Encapsulated in the Berkeley High
Energy Physics meeting was a sti-
mulating parallel session on accel-
erator technology, highlighting the

progress being made towards
these big new machines of tomor-
row.

Satoshi Ozaki of the Japanese
KEK Laboratory commenced pro-
ceedings with an update of pro-
gress in Japan. A committee set
up to look into future particle phy-
sics requirements has come up
with a number of recommenda-
tions: on the home front, an elec-
tron-positron collider in the TeV
(1000 GeV) range is advocated,
while Japanese participation in
experiments at the proposed US
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Lineup of Laboratory/project notables for
the Accelerator Technology parallel session
at the Berkeley Conference : Standing, left
to right, Burt Richter (Stanford), Maury
Tigner (US Superconducting Supercollider),
Andy Sessler (Berkeley), Derek Lowenstein
(Brookhaven), seated Satoshi Ozaki
(TRISTAN, KEK, Japan), Leon Lederman
(Fermilab), Herwig Schopper (CERN).

Superconducting Supercollider is
encouraged. In addition, the main
ring energy of KEK’s TRISTAN
electron-positron Collider (now
being completed) could be in-
creased, the 12 GeV Proton Syn-
chrotron at KEK could be up-
graded, an additional investment
could be made in non-accelerator
physics, and a hadron machine
could be built to cater for the
growing nuclear physics commun-
ity.

Turning to the TRISTAN Collider,
Ozaki described how first electron-
positron collisions had been ob-
served in the Accumulation Ring
at 10 GeV. However this is only a
springboard to the main objective
of commissioning the TRISTAN
Main Ring, scheduled for later this
year. With conventional radiofre-
quency equipment, beam energies
of 22-25 GeV are foreseen, and
experiments would begin recording
collisions next year. In 1988, the
Main Ring would be fitted with
superconducting radiofrequency
equipment to boost the beam ener-
gy beyond 30 GeV.
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Fermilab Director Leon Lederman
took over to describe progress at
the Tevatron — ‘the highest energy
collider on this planet’. The end
of last year had seen a ‘desperate’
attempt to see 1.6 TeV proton-
antiproton collisions — the highest
collision energy ever achieved in
a laboratory, but at the expense
of ‘the world'’s lowest recorded
luminosity’. However the payoff
of a further year’s toil should be
seen at 09.00 hrs on 1 December
or thereabouts, when the Tevatron
Collider begins its first real period
of operations.

‘Experience at UA1 and UA2
(the experiments at CERN’s proton-
antiproton Collider) has shown that
integrated luminosity (a measure
of the number of available colli-
sions) must double each year’,
said Lederman, going on to outline
a plan for an upgraded Tevatron
with a doubled collision energy
and significantly boosted collision
rate by about 1992. '

CERN Director General Herwig
Schopper gave a high speed re-
view of the impressive sweep of

activities going on at CERN, point-
ing out the continual improvements
being made in antiproton supply.
Construction of the ACOL Antipro-
ton Collector, now underway, will
push the antiproton levels still
higher. He outlined the current sta-
tus of LEP operations, with tunnell-
ing, concreting and installation all
going ahead in parallel, and re-
ported good progress in develop-
ing the superconducting cavities

to push LEP’s energy up from the
initial level of some 50 GeV per
beam.

Derek Lowenstein of Brookhaven
pointed to his Laboratory’s achiev-
ements with polarized protons,
attaining 2000 times the design
intensity (see page 15). With a
new booster in the pipeline to ex-
tend the capabilities of the vener-
able AGS Alternating Gradient Syn-
chrotron, and with the RHIC Rela-
tivistic Heavy lon Collider on the
cards to at last make use of the
big empty tunnel on Long Island,
Brookhaven has a lot to look for-
ward to.

At Stanford, the SLC Linear Col-
lider now nearing completion
should be operational for initial
physics next Spring, said Director
Burt Richter, albeit at a small frac-
tion of its design luminosity. Im-
proved performance would follow
after mastery of the delicate new
SLC techniques.

The width of the thin pencils of
SLC’s colliding beams would be
measured in microns, but a conjec-
tured ‘Large Linear Collider’ to
attain 10 TeV and good collision
rates would require beam radii
measured in angstroms! Some of
the new accelerator schemes in-
volving laser and plasma tech-
niques now being looked into
might not be reliable enough to
produce a cheap, stable and effi-
cient running, said Richter, pointing
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ICFA meets at Berkeley

The International Committee for
Future Accelerators, ICFA, held
its fourteenth meeting during
the Berkeley Conference and
had detailed reports from three
of the four Panels which were
set up in 1984 (see October
1984 issue, page 319).

The Panel on Superconducting
Magnets and Cryogenics,
chaired by Giorgio Brianti, organ-
ized a recent Workshop at
Brookhaven (see September

issue, page 3). They are also
setting up two subpaneis —
one to establish standards in
specifications and measure-
ments of superconducting wires
and cables, the other to work
on computational methods.

The Instrumentation Panel,
chaired by Tord Ekelof, will hold
a School on ‘Instrumentation in
Particle Physics’ at the Inter-
national Centre for Theoretical
Physics, Trieste, next June.

At the ICFA Meeting in Berkeley, Yoshio
Yamaguchi was unanimously elected
Chairman of ICFA for three years from the
beginning of 1987 and Owen Lock was
re-appointed Secretary. In the photograph,
from left to right, Yamaguchi is seen with
the ICFA representatives from China, Fang
Shou-Xian, and from the ‘Fourth Region’,
P. K. Malhotra. !

(Photo LBL)

They have launched a regular
‘Instrumentation Bulletin” and
are preparing a ‘Catalogue of
Instrumentation Issues’. The
Panel on Novel Accelerator
Schemes, chaired by Andy
Sessler, is compiling a list of
the topics and the names of the
research workers in this field.
It has already been circulated
in draft form and ICFA was able
to add its own suggestions.
There was a report from Jean
Sacton, Chairman of the Euro-
pean Committee, ECFA, and a
brief discussion about the pos-
sibility of collaboration with
UNESCO for the organization
and support of future meetings.
The next ICFA meeting is
scheduled for next April, prob-
ably in Budapest, and at the
same time there will be a pre-
paratory meeting for the second
‘Seminar on Future Perspectives
in High Energy Physics’ to be
held at Brookhaven in October
1987. Participation will be by
invitation with up to some twen-
ty people from each region.

towards the ‘conventional’ two-
beam approach as the optimal
basis for such a machine. How-
ever, such a multi-TeV project
might be too big a step from the
present SLC, and perhaps there
was a call for a 1 TeV machine in
about five years. One problem
would be to decide in which con-
tinent it would be built.

Maury Tigner, Director of the
Design Group of the proposed
40 TeV US Superconducting Su-
percollider, chose to rush through
the status of this project and con-
centrate instead on a hypothetical
200 TeV machine ‘one step
beyond the SSC’. Even taking for

10

granted some unforeseen techno-
logical breakthrough to increase
magnetic fields fivefold, the power
consumption of such a machine
would attain gargantuan propor-
tions. The discounted technological
breakthrough for magnetic fields
would not be enough, said Tigner.

Andy Sessler of Berkeley looked
at some of the new techniques
now being investigated and tenta-
tively signposted as routes to fu-
ture accelerators. The need to in-
vest in detector research and de-
velopment work has been evident
for some time and periodic meet-
ings and workshops have accurate-
ly reflected the trends of current

thinking (see, for example,
July/August issue, page 8).

Missing from the lineup of big
new projects in the Berkeley paral-
lel session were the HERA elec-
tron-proton Collider being built at
the German DESY Laboratory in
Hamburg and the UNK project at
Serpukhov, but these were filled
in by Don Edwards of Fermilab in
the subsequent plenary talk.

With Fermilab’s Tevatron Collid-
er, Stanford’s Linear Collider and
KEK’s TRISTAN scheduled to sup-
ply their first beams soon, any
brief physics intermission is nearly
over.
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Superstring superstars

by André Neveu

Schematic behaviour of negative
pion-proton scattering with energy, showing
first a series of distinct resonances followed
by a smooth fall-off at higher energies. The
observed behaviour can be looked at either
as a series of baryon (proton-like)
resonances (N) or as a series of meson
transfers (‘exchanges’, M). The two ‘dual’
descriptions are fully interchangeable.

Superstrings are seemingly
irresistible for physicists in
search of the ‘Theory of
Everything’, unifying all
known forces and particles.
However, as often happens
in physics, superstrings were
developed in a very different
context, and the discovery
of their remarkable properties
came only slowly.

A string is a generalization of the
concept of a point particle and is
the simplest extended object com-
patible with special relativity. Su-
perstrings (short for supersymmet-
ric strings) are the first candidates
for a quantum theory unifying grav-
itation with strong, weak and elec-
tromagnetic interactions and in
addition having some chance of
describing the real world.

However, strings were not in-
vented for such an ambitious pur-
pose, and appeared in a rather
roundabout way at the end of the
sixties. In scattering negative pions
off protons, for example, a series
of low energy peaks is seen cor-
responding to the formation of
baryon (proton-like) resonances.
At higher energies, the behaviour
becomes smoother, described
instead by the transfer (‘exchange’)
of the mesons responsible for the
forces between the pion and the
proton. It is remarkable that as the
energy is increased, the denser
and denser baryon resonances
conspire to reproduce precisely
the meson exchange mechanism.
Similarly, when the energy is de-
creased, the mesons reconstruct
the peaks due to baryon reson-
ances.

This phenomenon is called ‘dual-
ity’, and the first theory was pro-
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posed 18 years ago in a simplified
model, the Veneziano formula,
containing only mesons, which
was the historic starting point for
string theories.

The theory was quickly general-
ized, and it was discovered that
the set of particles required corre-
sponded to the quantized motion
of a relativistic string. The shortest
distance between two points is a
straight line, but finding the ‘short-
est distance’ between two strings

involves looking at the relativistic
analogue of the soap-bubble prob-
lem. The solution, expressed in a
suitable form, is precisely the equa-
tion describing the vibrations of a
piano or violin string.

The simplest motion of an open
free string is the rotation of a line
around its centre with constant
angular velocity so that its ends
move with the speed of light. Ex-
pressing this motion in quantum
form gives a ‘Regge trajectory’ —
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a set of particles whose intrinsic
angular momentum (spin) increases
as the square of their mass.

Interactions between strings are
described in a geometrical way —
two open strings can join by their
ends to form a single one, which
can subsequently break in two, a
process which can repeat itself.
Twelve years ago, it was shown
that adding up all possible interme-
diate string configurations corre-
sponds exactly to the summation
over baryon resonances in hadron
scattering. Such a geometrical the-
ory is both beautiful and concep-
tually simple. It is also rigid, as
modifications generally bring
intractable complications.

The simplest string is called bos-
onic, because all the particles of
its spectrum have integer spin. It
also has the misfortune of giving
rise to ‘tachyons’ — particles
which travel faster than light. The
necessary addition of half integer
spin (fermionic string), together
with the removal of the tachyons,
is solved by the so-called Neveu-
Schwarz-Ramond model.

The bosonic string has only orbi-
tal degrees of freedom, corre-
sponding to its position in space.
A fermionic string also has spin
degrees of freedom, which can be
interpreted as a distribution of half
integer spins along the string. De-
pending on the external (boundary) -
conditions, one may have an odd
number of these spins, giving a
fermion, or an even number, giving
a boson.

To preserve the geometrical
simplicity of the theory and its
compatibility with relativity, the
orbital and spin degrees of free-
dom have to be connected through
a special symmetry, called super-
symmetry, using numbers which
anticommute (so that x times y
equals minus y times x). Supersym-
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metry appeared for the first time
in this way, but went on to have
important applications in other
branches of physics and in mathe-
matics.

Strings have remarkable proper-
ties not shared by theories of ordi-
nary point particles. The most
spectacular is probably that quan-
tization prefers space-times of def-
inite and rather mysterious dimen-
sions — 26 for the bosonic string
and 10 for fermionic strings, for
which there exists no simple expla-
nation. They also give rise to
massless particles, which quickly
made it clear that as such they
could not form the basis for a fun-
damental theory of strong interac-
tions, which have no massless
particles.

Space

Time

The geometry of space-time strings is
strikingly similar to resonance formation.

Joel Scherk and John Schwarz
capitalized on these drawbacks,
turning them into crucial assets
for theories with quite different
and much more ambitious aims.
They suggested reinterpreting
them as candidate unified theories
of all interactions, including gravi-
tation, with a hitherto unwanted
massless spin-two particle in the
role of the graviton — the carrier
of the gravitational force. This pa-
rallels the history of the so-called
non-Abelian gauge theories, devel-
oped by Yang and Mills initially for

use with strong interactions, but
which became more fruitful when
applied instead to the unification
of the weak and electromagnetic
interactions.

The mass scale of the supers-
tring theory then changes from the
GeV scale characteristic of strong
nuclear interactions to the so-called
Planck scale, 10'® GeV, when the
gravitational interaction of two
electrons becomes comparable to
their electromagnetic interaction.
Scherk and Schwarz also proposed
that the extra dimensions of the
theory are ‘compactified” — curling
up on themselves like tiny circles
or spheres invisible at presently
accessible energies.

The only observable particles
are the massless ones. A given
string model predicts a unique
spectrum of massless particles
and their interactions, and among
them there is always gravitation
and the graviton. This is useful not
only because gravity is unified with
other interactions (which super-
gravity theories also achieve), but
because it tames the troublesome
infinities which crop up when grav-
ity, and even supergravity, are
quantized. Some superstring the-
ories even manage to avoid infini-
ties completely.

Although all these nice properties
were known or suspected for
some time, they did not trigger off
the present boom. It was the dis-
covery in 1984 by Michael Green
and John Schwarz that super-
strings in ten dimensions which
naturally distinguish left from right
(like weak interactions) do not
necessarily present the inconsist-
encies generally plaguing such (chi-
ral) theories.

These inconsistencies (chiral
anomalies) are absent in super-
strings if and only if their internal
symmetry is either SO(32) (rota-
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tional symmetry in 32 Euclidean
dimensions) or the direct product
of two special symmetry groups
(Eg x Eg). The latter case contains
most symmetries already proposed
for the unification of strong, weak
and electromagnetic forces.

Another promising development
concerns the so-called compactif-
ication procedure, and is due in its
general form to two mathemati-
cians, lgor Frenkel and Victor Kac,
although the first example was
discovered by a physicist,

M. B. Halpern. The initial sugges-
tion of Scherk and Schwarz may
seem arbitrary — what governs
the size and shape of the compact-
ified dimensions? This process
would also break the rotational
symmetry in the compactified di-
mensions to (at best) some much
smaller discrete crystallographic
symmetry. Frenkel and Kac
showed that this need not be so,
and that continuous internal sym-
metries can actually be generated
by cleverly compactifying the un-
wanted dimensions.

This generation of internal sym-
metries through compactification
is a unique feature of string theo-
ries, and is a crucial ingredient in

the construction of candidate
models.

Current investigations are pro-
ceeding in different directions. On
the more formal side, string theo-
ries remain poorly understood,
lacking the powerful formalism of
conventional quantum theories.
More phenomenologically, it must
be understood how the number of
dimensions falls from ten to four
at low energies. This reduction in
dimensions determines the spec-
trum of observable particles and
governs the predictive power of
the theory.

The gap between the ten dimen-
sions of superstrings and the four
of the real world is currently
bridged through a series of steps.
First a low energy limit looks only
at the interactions of massless
particles, giving a ten dimensional
supergravity theory in much the
same way that the old picture of
the weak interaction (the Cabibbo
theory) was the low energy limit
of today’s electroweak theory.
Then six unwanted dimensions are
compactified. The Frenkel-Kac
procedure, which requires a ta-
chyon, does not work for super-
strings. Instead physicists resort

to special six-dimensional curved
spaces, called Calabi-Yau mani-
folds, in which superstrings can
move while retaining their nice
properties.

Thus compactification generally
gives a well defined four-dimen-
sional supergravity theory. Super-
symmetry is then broken dynami-
cally to give particles with mass
(as in the electroweak theory,
where the photon carrier of the
electromagnetic force is massless
but the W and Z carriers of the
weak force are very heavy).

The mechanisms for this sym-
metry breaking and generation of
mass in superstrings remain ob-
scure, but most schemes predict
one or more additional phenomena
not contained in the Standard Mod-
el but which should show up at a
few hundred GeV energy — addi-
tional (electrically) neutral currents
of the weak interaction, supersym-
metric partners of observed parti-
cles, and additional quarks.

A lot of theoretical work is re-
quired to improve the predictive
power of superstring theories, but
the discovery in the meantime of
one or another of these new ef-
fects would be a great boost!

Around the Laboratories

BROOKHAVEN
More spin surprises

The Brookhaven Alternating Gra-
dient Synchrotron supplies the
world’s highest energy beams of
polarized (spin aligned) protons
and is continuing the tradition of
supplying puzzling new results
when new regions of spin physics
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are explored.

The Argonne ZGS machine sup-
plied a crop of spin results in the
70s which are still controversial
today. When this machine was
closed a big effort was mounted
to produce polarized beams at the
Brookhaven AGS. The first beams
were produced in 1984 (see Octo-
ber 1984 issue, page 328), at an
energy of 16.5 GeV, surpassing
the old ZGS record of 12.75 GeV.

In February, after several weeks
of intense operations, the AGS
polarized beam was turned off
after several weeks of intense phy-
sics during which the beam energy
reached as high as 22 GeV (see
May issue, page 17).

First results from this work are
emerging from a study by a Brook-
haven / Maryland / Michigan /
MIT / Notre Dame / Texas A and
M / ETH Zurich group which uses
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a polarized target in addition to
the polarized beam. While the ZGS
experiment found an unexpectedly
large spin dependence, the new
result shows that this effect sud-
denly falls to zero at the higher
energies available at the AGS.

Alan Krisch of Michigan, a dedi-
cated spin physicist, says ‘spin
experiments may be trying to tell
us something, but we do not yet
understand the message’.

The result was discussed at the
recent Lake Louise conference on
particle and nuclear physics (see
September issue, page 1) and was
also presented in a parallel session
at the Berkeley high energy confer-
ence in July (see page 1) by Donald
Crabb of Michigan:

Another spin surprise. The unexplained
strong spin dependence found at 10-12 GeV
at the old Argonne ZGS suddenly dives
towards zero using 18.5 GeV polarized

(spin oriented) protons from the Brookhaven
Alternating Gradient Synchrotron.

DESY
HERA progress

After setting out from the
South Hall last summer, the
tunnelling machine for the
new HERA electron-proton
Collider at the German DESY
Laboratory in Hamburg has
reached the North Hall, thus
having completed half of its
6.3 km underground journey.

Meanwhile the first qua-
drant of the tunnel is being
prepared for installation of
equipment. The two pro-
posed experiments for HERA
— H1 (see September issue,
page 11) and ZEUS (July /
August issue, page 16) —
have been recommended for
approval.
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Concrete segments piled up ready to line
the tunnel being bored for the new HERA
electron-proton Collider at the German
DESY Laboratory in Hamburg. Half of the
6.3 km tunnel has been excavated.

(Photo DESY)
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The outer muon chambers of the UA 1
experiment at CERN’s proton-antiproton
Collider. These played a vital role in the
sighting of initial evidence for heavy meson
‘mixing’.

(Photo CERN 46.1.82)

CERN
Oscillating flavours

New results from the big UA1 ex-
periment at CERN's proton-antipro-
ton Collider reveal a subtle and
intriguing physics effect. Heavy
mesons carrying both the 'beauty’
and the ‘strangeness’ quantum
numbers show a delicate quantum
mechanics mixing previously un-
seen outside the restricted world
of the neutral kaons.

Like all other particles, the well-
known neutral kaon has its antipar-
ticle, carrying equal and opposite
quantum numbers. The neutral
kaon particle and antiparticle are
distinguished only by their strong
interaction label (strangeness).
However, strangeness is not con-
served in weak interactions, so
that the neutral kaon particle and
antiparticle can mix. This neutral
kaon system provides a rich sce-
nario for the weak force. In partic-
ular, it provides the only known
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example of the breakdown of the
combined particle-antiparticle / left-
right, or CP, symmetry.

The ‘Standard Model’ of modern
physics has six quark flavours
grouped into three ‘generations’
of two (up and down, strange and
charm, beauty and top), and all
the flavour changes resulting from
the weak force can be described
by the so-called Kobayashi-Mas-
kawa matrix. There is not yet a
theory which predicts all its para-
meters, but input from recent ex-
periments gives the physicists
some predictive power, in particu-
lar for subtle flavour mixing effects.

The particle-antiparticle mixing
seen in the neutral kaon system
should repeat itself with other hea-
vy mesons carrying suitable quan-
tum numbers. However, the exper-
imental constraints now suggest
that the main contender is the elec-
trically neutral beauty meson B,
containing beauty and strange
quarks, and its antiparticle.

The muons (or electrons) emitted

in the ‘beta’ decays of heavy
quarks provide a useful window
on heavy quark production. With
the historic W and Z discoveries

in the bag, the UA1 experiment
was improved with extra screening
and with added streamer tubes
surrounding the detector to filter
out and pick up the muons which
traverse the rest of the apparatus.

Analysis of experimental data
from a variety of sources sug-
gested that production of muon
pairs at high transverse momentum
in the CERN Collider would be
dominated by beauty quark-anti-
quark pairs.

Three years’ accumulated UA1
data were carefully sifted for their
muon pair content, and the contri-
butions from resonances and back-
ground processes removed. The
results demonstrate clearly that
the beauty (b) quarks dominate
the relevant production mecha-
nisms, as expected. In fact the
CERN Collider is a prolific source
of B mesons. :

The special kinematics of these
reactions make theorists more
confident about calculations using
the quantum chromodynamics —
QCD — picture of quark interac-
tions. There is close agreement
between the calculated levels of
particle production through beauty
quarks and those observed by
UA1.

However, the QCD theory (which
covers only the strong interactions
of quarks) cannot take into account
the mixing of the b quarks due to
the weak interaction. This mixing
would affect the observed relative
levels of muon pairs with two
equal electric charges (++ or --) to
those carrying opposite charges
(+). UA1 sees a ratio of the order
of 50 per cent, while only about
25 per cent would be expected
without b quark mixing.
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An apparent excess of like sign
muon pairs was seen by UA1
some time ago, but the number of
events was insufficient for physi-
cists to call it a definite physics
effect. However, the excess sur-
vived the test of more data, and
can now be confidently attributed
to the mixing of the neutral B
mesons carrying beauty and
strange quarks — a measurable
physics effect due to a particle
which has yet to be seen directly!

The appearance of this effect
where it was expected adds to
physicists’ confidence in the un-
derlying theory. The hope is that
like its neutral kaon predecessor,
the B, system will provide another
window on the still unexplained
mechanism of CP violation. How-
ever this would require a much
larger data sample.

(From Ahmed Ali, Karsten
Eggert, Cecilia Jarlskog.)

Single photons

As well as interacting through ex-
change of gluons, quarks are elec-
trically charged and should give
off electromagnetic radiation when
disturbed. The emission of such
single photons from strongly inter-
acting particles is a particularly
clean process to calculate, provid-
ing a useful check on the underly-
ing theory.

At CERN, pioneer single photon
studies were carried out at the
Intersecting Storage Rings. With
the effect clearly identified, dedi-
cated experiments (NA24 — Bari /
Freiburg / Moscow / Munich MPI
and WA70 — Geneva / Glasgow /
Liverpool / Munich / Neuchétel)
looked at single photon production
using high energy beams at the
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CERN SPS proton synchrotron.

Picking up these single photons
is a difficult job because of the
high background due to copiously
produced neutral pions which de-
cay into photons and mask the
true single photon effect.

The observed single photon sig-
nals agree with theoretical calcula-
tions. In particular, the production

rates using negative pions are high-

er than those using positive pions
because collisions of negative
pions with protons have more
quark-antiquark annihilation possi-
bilities.

The challenge of detecting these
rare single photons was also taken
up by the UA2 experiment at
CERN's proton-antiproton Collider.

On 22 August one of the machines
tunnelling for CERN’s LEP electron-positron
Collider made another major breakthrough.
About 24 of the 27 kilometres of the tunnel
have been excavated, with the remainder
being taken care of partly by tunneller and
partly by explosive. Excavations are
expected to be complete early in the New
Year.

(Photo 198.8.86)

At these energies, the single pho-
ton production rate is expected to
be nearly four orders of magnitude
down on that of hadron ‘jets’.
After painstaking analysis to elim-
inate background, the UA2 single
photon signal is isolated and found
to agree nicely with theory. In par-
ticular, the production level in-
creases by a factor of 1.14 when
the collision energy is pushed from
546 GeV to 630 GeV.

Pioneer studies of the single
photons emerging from the colli-
sions of strongly interacting nuclear
particles were made by what went
on to become the Axial Field Spec-
trometer (AFS) group, working at
the CERN Intersecting Storage
Rings.
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To learn more about photons,
the group went on to look at the
low energy electron-positron pairs
produced at low transverse mo-
mentum (detected through their
positron component). These pairs
are understood as coming from
the otherwise elusive low energy
(‘soft’) photons produced deep
inside the collisions. Several other
experiments had previously re-
ported an unexplained excess of
low energy electron (or muon) pairs
at low momentum transfer.

Interesting behaviour is seen
when the level of electron-positron
pairs observed by AFS is com-
pared with the number of charged
particles produced. Instead of a
steady proportionality between
electron pairs and charged parti-
cles, the number of pairs grows
as the square of the number of
charged particles.

Such unusual behaviour has been
predicted by theoretical models
which describe the electron pairs
as coming from soft photons in
the annihilation of quarks and anti-
quarks formed early in the collision.
The more violent the collision, the
greater the number of quarks, and
the greater the number of charged
particles produced.

This interpretation in terms of a
volume effect is of interest to peo-
ple looking for signs of the long-
awaited quark-gluon plasma phase
of nuclear matter, when nucleons
fuse together. This would also be
expected to show a similar effect,
but so could a number of other
mechanisms. Whatever the expla-
nation for the behaviour seen by
AFS, it shows that there is still a
lot more to learn about soft hadron
interactions.

Murdock Gilchriese, Chairman of the Task
Force on Detector Research and
Development for the proposed US
Superconducting Supercollider.
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SUPERCOLLIDER
Superdetector

Its design report complete, the
proposed 85 km US Superconduct-
ing Supercollider, the SSC, waits
for its go-ahead from the US Ad-
ministration. In parallel with the
compilation of the design report
(see July / August issue, page 12),
additional effort has helped prepare
for this enormous project.

Last year the SSC Central Design
Group set up a Task Force on De-
tector Research and Development,
chaired by Murdock Gilchriese of
Cornell. To help it in its task, work-
ing groups were set up to cover
specialist areas — tracking devices
(chaired by Dave Nygren of Berkel-
ey) calorimetry (Brad Cox of Fer-
milab) ; electronics, triggering, data
acquisition and computing (Don
Hartill of Cornell); particle identifi-
cation (Gilchriese) ; superconducting
magnets (Shigeki Mori of Tsukuba,
Japan); simulation (Frank Paige of
Brookhaven).

The Task Force summarizes its
report by recommending ‘that a
vigorous programme of basic, ge-
neric research and development
for SSC detector needs should
begin within the next year. This
should have as its highest priority

the investigation of those areas
which will involve major detector
subsystems at the SSC, and those
areas which require solutions of
problems unique to the SSC envi-
ronment. Such areas include radi-
ation damage studies of all relevant
devices, increases in speed of
tracking and calorimetric detectors
and of associated electronics, new
methods of particle tracking and
calorimetry in high particle fluxes,
and cost reduction of electronics.
Although traditionally detector
R & D has, in general, accompanied
proposals for specific experiments,
we believe that a generic R&D
programme not related to specific
detector proposals is required for
the SSC era. First, there are many
common problems associated with
constructing detectors for the SSC,
for example radiation damage and
electronics development. Second,
the timescale for the construction
of major detector subsystems,
tracking and calorimetry, is likely
to be long, given the expected
complexity of large detectors at
the SSC. Decisions regarding the
type of such subsystems must be
made early, and basic research on
new techniques must be completed
before these decisions are made.
Third, the extrapolation required
from present detector technology
to the needs of the SSC is greater
than that required for the machines
which will have preceded it. Sub-
stantially more basic R&D is
needed to provide effective solu-
tions. Finally, the SSC will repre-
sent an increased opportunity and
need for international collaboration
in the construction of detectors
and operation of experiments. The
concomitant organizational scale
suggests that an early start to de-
tector R & D will greatly improve
the probability of having effective
detectors available early.
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The Task Force also recom-
mends that the Central Design
Group at Berkeley should play a
leading role in encouraging detec-
tor R& D. At present the CDG is
uniquely qualified to act as an ad-
vocate for a strong programme of
SSC detector R & D at the inter-
national level. However, we do
not recommend that the CDG act
as sole coordinator at this time. It
is our hope that there will be suf-
ficient interest in the international
high energy physics community
for continuing existing R & D rele-
vant to the SSC and for initiating
new programmes where neces-

sary.
However, we do wish to empha-
size that a programme of basic

detector R & D is crucial to the
success of experiments at the SSC
and that future circumstances may
require more direct involvement

of the CDG or another coordinating
agency in facilitating it. We there-
fore recommend that the status

of detector R & D related to the
SSC be reviewed within the next
year. While our report attempts

to outline R & D needs in a general
context, a review within the next
year should develop, if necessary,
a specific programme and timeta-
ble.’

A The Mark Il detector dangles perilously
over the 56 ft pit around the final focus of
the Stanford Linear Collider, now nearing
completion. After having seen service at
both the SPEAR and PEP electron-positron
rings at Stanford, Mark Il hopes to catch
the first SLC collisions early next year.

(Photo Gerhard Fischer)

P> Installation work is nearing completion
for the arcs and final focus to bring the
electrons and positrons from the new
Stanford Linear Collider into collision. Seen
here is the end of the South arc (to handle
positrons) immediately before the final
focus section.

(Photo Joe Faust)
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Making tracks

At the heart of the big detectors
used at high energy colliders,
tracking chambers pick up sig-
nals from the secondary parti-
cles produced in the collisions.
These trackers frequently use
strings of ‘sense wires’, and a
vital job is to process the infor-
mation from the ‘hits” made by
particles on the wires and recon-
struct what the collision looked
like.

In many modern tracking
chambers, the sense wires,
rather than being lined up uni-
formly, are grouped into clusters
to facilitate the pattern recogni-
tion process. However, with
higher energy machines provid-
ing collisions richer in secondary
particles, event reconstruction
becomes more complicated.

A Caltech / lllinois / SLAC /
Washington group developed
an ingenious track finding and
fitting approach for the Mark IlI
detector used at the SPEAR
electron-positron ring at SLAC
(Stanford). This capitalizes on
the detector’s triggering, which
uses programmable logic circuits
operating in parallel, each
‘’knowing’ the cell patterns for
all tracks passing through a
specific portion of the tracker
(drift chamber).

To process the input, the
-Mark Ill group use a dictionary
which contains all 12,832 cell
hit patterns corresponding to
real tracks. For each event, the
pattern of hits is compared with
this dictionary. This approach

. 3 4
2

' \«\fT,rock i
\

vThe 3% 3 “

Track i
Track j

is fast as it avoids the need for
numerical computation.

Combined with improved track
fitting, this pattern recognition
method triples the speed of the
operation, while giving more
reliable tracking.

A recent article (June issue,

| Event Vertex

(|v|t2s
(11,2,

chamber
layers

2,2,2,1)
3,5,6,8)

‘Dictionary” definition of a particle track,
illustrating the technique developed for the
Mark Ill detector at the SPEAR
electron-positron collider at Stanford.

page 27), described how track
reconstruction has been imple-
mented on a ‘super’ vector com-
puter.
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STANFORD
Mark Il

Although no longer in the centre
of the high energy physics stage,
the team using the Mark il detec-
tor to study electron-positron col-
lisions at Stanford’s SPEAR ring
has steadily accumulated many
valuable new results. Mark lll's
physics may lack glamour, but it
doesn’t lack dedication. With the
decays of many heavy particles
still in a turmoil, this commendable
effort will continue for several
more years.

One early milestone Mark lll re-
sult was to determine the nature
of the eta-c particle, a charmed
quark and antiquark bound to-
gether with their spins antiparallel.
The eta-c seems to like decaying
into states with strange quarks.

Also in 1983 came the sighting
of a mysterious state at 2.2 GeV
in the decays of J/psi particles
producing a photon and a pair of
charged kaons not seen in other
electron-positron collider experi-
ments, but consistently seen in
the large Mark lll data samples.

In the radiative decays of J/psis
(producing photons) unusual states
are found which are candidates
for ‘glueballs’ — states containing
gluons rather than quarks. They
appear to decay predominantly
into particles containing strange
quarks. However, the glueball can-
didate pattern in other types of
experiments looks different and
the situation is confused.

New studies of J/psi decays
producing hadrons throw light on
the quark content of new meson
states; however here again there
are many puzzling features, and

conclusions are difficult to draw.

Other results have provided new
insights into the behaviour of
charmed mesons. Direct measure-
ments of the decays of charged
and neutral D mesons have impli-
cations for other experiments
which rely on these results to ex-
tract charm production levels.

Due to construction work for
the new Stanford Linear Collider,
the next Mark Ill run is not sched-
uled until next February. In the
meantime a new high resolution
vertex detector is being built to
surround the beryllium beam pipe.

Although physics has marched
on, the decays of charmed parti-
cles have yet to be completely
sorted out. In this and other areas
the collaboration sees at least
another three years of careful work
ahead.

Physics monitor

Channeling efforts

Channeling is the process where
charged particles are steered by
the rows or planes of atoms in a
perfect crystal. During the last de-
cade there has been an increasing
realization that channeling at GeV
energies might be interesting.
Beautiful pioneering work by an
Aarhus-CERN group laid the foun-
dation for such investigations. At
Fermilab, Tsyganov conceived the
idea of using channeling in crystals
to deflect particle beams and went
on to demonstrate the technique
at Dubna (USSR). During the same
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period, Kumakhov pointed out that
electrons and positrons moving in
channeling trajectories should ra-
diate. By now GeV-scale channel-
ing and channeling radiation exper-
iments have been carried out at
laboratories all over the world.
Recently a NATO Advanced Scien-
tific Workshop was held at Villa
Del Mare in Maratea, ltaly, to re-
view the field and appraise the
future possibilities for channeling
activity. The workshop was co-
sponsored by the Danish Commit-
tee for Accelerator Physics. The
workshop directors were Dick Car-
rigan of Fermilab and Jim Ellison
of the University of New Mexico.
By now many features of chan-
neling are well understood. Theo-

retical models of dechanneling in
the low MeV region conform well
to experiments and seem to extra-
polate in agreement with experi-
ment up to 800 GeV.

Channeling radiation has now
been studied from below 1 MeV
to more than 100 GeV. These
studies have looked at both elec-
trons and positrons and a wide
variety of materials. Channeling
radiation, even though distinctively
different for electrons and posi-
trons, is closely related to coherent
bremsstrahlung and there are re-
gimes where the two processes
can mix.

At GeV energies a classical pic-
ture is appropriate for channeling
radiation while MeV channeling

25



12.001E

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

Well-founded informations give
you a personal lead in any
project management. Take for
example

Sandwich
elements

of all types with various material
combinations.

Please request detailed infor-

mation. Mr H. Mauch will be glad
to advise you personally.

We offer a range that is based
on 25 years’ experience and
know how through successful
collaboration with field specia-
lists.

Stesalit AG
Kunststoffwerk

CH-4249 Zullwil/SO
Telefon 061/80 06 01, Telex 63182 E

For optical
interior inspections...

boroscopes,
fiberscopes.

Aslg for details.

Partout ot I'ceil
ne peut accéder...

endoscopes flexibles a fibres
de verre,
endoscopes rigides.

Demandez notre documentation.

1)) TECHNOKONTROLL AG

‘ 8049 Ziirich, Imbisbuihistr.144 Telefon 0156 56 33

Advertisements in GERN GOURIER

Format A4 Monthly publication
All advertisements are published in both English and French
editions. Second language versions accepted without extra
charge.

Cost per insertion (Swiss Francs)
Space Actual size (mm)
(page) width by height 1 3 5" 10

insertion | insertions | insertions | insertions

i 185 x 265 1800 1750 1700 1600
185x130 '

/2 90 % 265 1000 970 940 890

/a 90x130 580 550 530 510

Supplement for:
— each additional colour 1500 SwF
— Covers:

Cover 3 (one colour)
Cover 4 (one colour)
Publication date
Closing date for
positive films and copy

2000 SwF
2900 SwF
1st of month of cover date:

1st of month preceding cover date
The cost of making films and of
translation for advertisements are
charged in addition.

60 or 54 Swiss (150 English)
Advertisements cancelled after 1st
of month preceding cover date will
be invoiced.

Advertising space is limited to 50% of contents and insertions
are selected on a strict first-come first-served basis.

These rates are effective for the year 1986.

Screen (offset)

All enquiries to:

Micheline FALCIOLA / CERN COURIER - CERN
CH-1211 Geneva 23 Switzerland

Tel. (022) 834103 Telex2 36 98

26

CERN Courier, October 1986



C. R. Sun of the State University of New
York, Albany, at the recent workshop on
relativistic channeling held at Villa Del Mare
in Maratea, Italy.

radiation requires a quantum treat-
ment. Both for low energy elec-
trons and GeV particles, the exper-
iments are in good agreement with
theory. However, in the region
from 10 to 100 MeV there appears
to be some real disagreement.

In the last few years Cue and
Kimball at the State University of
New York, Albany, have looked
at strong field effects for pair pro-
duction and other processes in
aligned crystals. These are not due
to channeling but are more general
alignment effects and in some
ways resemble coherent brems-
strahlung. For crystal fields of
5.0 x 10'° volts per centimetre
(characteristic of a string of nuclear
centres in silicon) strong field ef-
fects appear at photon energies
somewhere between 100 and
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1 000 GeV giving rise to a pseudo-
threshold. Recently a nice experi-
ment has been carried out at CERN
within the NA33 collaboration by
a group from Lyon, Annecy, and
Albany. This group has seen the
pseudo-threshold and also exam-
ined the angular dependence of
the effect. Calculations and theory
now agree in some detail for the
process.

A number of possibilities exist
for channeling applications. For
example, since the photon yield
for aligned crystals is so much
higher it may be useful to incorpo-
rate crystals in existing electron
beams that are used to produce
photons.

Channeling in bent crystals has
now been used for several realistic
beam bending applications. At

Fermilab a crystal was used to
attenuate an 800 GeV beam by a
factor of 1000. Such beam throttle
applications occur quite frequently
when primary beams are being
used to study short-lived particle
cross-sections. A crystal has also
been used to extract beam from
the Dubna Synchro-Phasotron with
an extraction efficiency of one part
in ten thousand. Sun and others
have also looked at the possibility
of crystals for extraction from the
proposed US Superconducting
Supercollider. The alternative to a
crystal is an electrostatic septum
hundreds of metres long using thin
wires. An interesting practical side-
light on the possibility of bent crys-
tals for an extraction septum is
the work on permanently bent
crystals by a Chalk River group
working at Fermilab. Chalk River
along with Bell Northern has bent
germanium crystals through many
milliradians using micron-thick
layers of sputtered zinc oxide to
form the one convex face of a
crystal.

Another particle physics applica-
tion that has been suggested is
the use of'bent crystals to provide
an unbiased trigger for short-lived
particles. In essence a sample of
short and long-lived particles is
snatched away from the forward
production direction and trans-
ported around the crystal bend.
Long-lived particles survive the
bend whiie short-lived particles
decay as they traverse the bend.

If a short-lived particle can be
captured in a bent crystal, then its
magnetic moment would precess
under the influence of the crystal
electric field which acts like a mag-
netic field in the particle rest sys-
tem. Thus it could become pos-
sible to make magnetic moment
measurements on short-lived par-
ticles.
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A number of applications have
also been discussed for channeling
radiation. The radiation from axially
channeled particles can be very
intense with a broad spectrum,
while planar channeled positrons
produce sharp photon peaks.
Uggerhoj has pointed out that a
1-10 GeV positron beam from an
accelerator such as DESY could
be used to produce a tunable mo-
noenergetic MeV photon source
for photo-nuclear work. For a crys-
tal thickness around 1 mm, the
yield would be about 1 photon/po-
sitron. It may also be possible to
produce a laser using channeling
radiation. The concept is to pump
the crystal with an optical laser
and then use the electron beam
to drive the high energy lasing ac-
tion. There is also surprising inter-
est by electron microscopists in
the features of channeling radi-
ation. The radiation has potential
use in crystal alignment and the
very small beam size makes it
possible to use micron-size crystals
so that a much wider variety of
crystals could be investigated.

Interest is also building in the
use of relativistic channeling and
channeling radiation for various
material science applications. Al-
ready channeling radiation has
been used to measure crystal po-
tentials, thermal vibration ampli-
tudes, and defect densities. Also
the effects of diamond platelets
and superlattice structure on the
channeling radiation spectrum have
been investigated.

A channeling technique that has
been used for material studies is
to implant ions such as mesons
and look at the blocking patterns
that develop in the crystal when
they decay. Blocking is essentially
the inverse of ordinary channeling.
Some of the ions that have been
implanted include radioactive in-
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dium, positive pions, and muons.
Blocking of the charged decay
products can be used to investi-
gate ion location within the lattice
including the effects of annealing.
The technique is complementary
to Mossbauer and angular corre-
lation studies. Pion and muon im-
plantations have been carried out
at both SIN and LAMPF. The ex-
periments are not easy; one needs
very large crystals, high particle
fluxes, and quite a bit of space
around the apparatus to achieve
the necessary resolution for block-
ing studies. Kaons may also be
interesting, and future kaon factory
plans may want to allow for this
technique.

Another technique that is just
coming into its own is high energy
heavy ion channeling. Work is now
under way at GANIL, France.

A persistent theme is radiation
damage. In practice there is little
damage to the lattice for fluences
less than 10'8/cm?, but channeling
techniques can shed more light on
the entire process of damage in
many other processes.

While channeling may constitute
a useful tool for material scientists,
applications of channeling call for
extra effort on their part. In partic-
ular, many channeling applications

require large, almost perfect crys-
tals. Fortunately a billion dollar
research effort by the semiconduc-
tor industry has produced satisfac-
tory silicon and germanium crys-
tals. On the other hand, some me-
tallic crystals are essentially im-
possible to work with. Even pick-
ing up a copper single crystal can
render it useless.

In summary, the basic relativistic
channeling and channeling radiation
processes are understood well
enough so that they can be applied
with some confidence. It is remark-
able that the theoretical description
of the channeling phenomena has
been shown to cover an energy
range from below an MeV to
hundreds of GeV. Many applica-
tions of relativistic channeling and
channeling radiation are now in
use and a number of other possi-
bilities appear interesting.

By Dick Carrigan and Jim Ellison.

Electrons and positrons moving near an
axis of a silicon crystal in a recent
Aarhus/CERN channeling experiment show
markedly different behaviour. Electrons
(left) are bound tightly to the crystal
“strings’’ and radiate along the axis, while
positrons (right) are repelled by the strings.
Positrons can also be bound between
atomic planes, giving rise to the double
bands radiating outwards.
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rasteus Block Mover lI

The F930 Block Mover Il is a single-width microcode sequencer controlled
FASTBUS module using ECL technology with a separate auxiliary cable seg-
ment driver receiver card. The Block Mover 1l is a dual port module, intercon-
necting both the crate and cable segments, designed to perform high speed
block transfers from the source device(s) segment to the destination de-
vice(s) segment. The direction of Data Transfers, either from the cable seg-
ment to the crate segment or vice versa, is user selectable, etc.

FEATURES

Dual port device (Cable and crate segment ports)

Performs high speed block transfers (from source to destination devices)
Simultaneous read and write data transfers

Capable of sparse data to select source and destination devices

Capable of inserting word counts or markers at beginning or end of block
Capable of geographical, logical and secondary addressing on either port
Performs extensive error checking and reporting

Capable of multiple execution routines (down loadable)

Slave interface supports geographic, logical and secondary addressing, and
random, block and pipeline data transfers

% b b b b % %

‘The F930, and other FASTBUS modules eventually, will be manufactured in
Geneva for our European clientele

(Fastbus Block Mover is CERN and University of lllinois design)
Here are a few of our other FASTBUS products available now:
* F156 Cable segment ancillary logic card
* F290 Crate/cable segment display
* F900 SI Segment interconnect
*x F914 QPI O-bus processor interface...
and coming soon...
* F820 Scanner processor
Short form catalog and price list available upon request

If you happen to be there, see us at INTERKAMA - Dusseldorf,
6-11 October, Hall 3 stand F-21-5. We'll be glad to welcome you.

- KINETIC SYSTEMS INTERNATIONAL S.A.

1 218 Genéve, Suisse

Tél. (022) 98 44 45 . 4528 ZuchWil {Solothurn)
Télex 289 622 KSI CH ; Tél. (065) 25 29 2b

FAX (022) 980 525 Télex 934 648 BOAG CH
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SCINTILLATORS

1 p
ififeatures of our plastic scintillators. We manufacture all sizes
mers specifications. Rods, sheets, blocks and light guides
with p@ished or coated surfaces will be manufactured within close
tolerartes.
Lithiuni-glass-scintillators are available in special shapes and sizes
wders for HPLC and flow cells, discs for neutron measure-
ments etc. various types from low background to very high effic-
iency are available.

ZINSSER
ANALYTIC wo Lta.

Unit D9, Depot Road, Maidenhead, Berks, SL6 1BG,
United Kingdom, Telephone 0628 24570

PEARSON

Very High Voltage &
Very High Current

Pulse
Transformers

/4

The Direct Link
~from the Macintosh™
to VMEbus crates

Pearson Electronics specializes in
the design of very high voltage (to
1,000,000 volts) and very high cur-
rent (to 1,000,000 amperes) pulse
transformers. Typical applications are
for units supplying power to high
power microwave tubes, particle ac-
celerator injection systems, pulsed
x-ray tubes, high power lasers and
plasma physics.

Available from:

Other Pearson pulse-modulator components include preci-
sion current transformers and coaxial capacitive voltage di-

Crozet viders. The current transformers for high voltage use feature
) double shielding and high voltage stand-off capabilities.
01170 Gex , France Units for use with high currents are rated up to 1,000,000
amperes or more. The voltage dividers are rated up to
(50)41.00.89 500 kV.

Inquiries regarding specific requirements for these
components are welcomed.

The system was developed by CERN, Geneva, Switzerland. PEARSON ELECTRON'CS, INc_

CERN accepts no responsibility for the quality. design or 1860 Embarcadero Road, Palo Alto, Calif. 94303, U.S.A
performance of these equipment. Telephone (415) 494-6444 Telex 171-412
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People and things

Helen Edwards of Fermilab —
E. O. Lawrence Memorial Award.

On people

Sir Rudolf Peierls,- Emeritus Profes-
sor of Theoretical Physics at the
University of Oxford, has been
awarded the Copley Medal of the
UK Royal Society in recognition of
his fundamental contributions over
a wide range of topics and his
pioneering work towards nuclear
chain reactions.

Helen Edwards from Fermilab was
amongst the six recipients of the
1986 Lawrence Memorial Awards
for her key role in bringing the
world’s first large superconducting
accelerator, the Tevatron, into
operation.

Among those who received US
National Medals of Science from
President Reagan at the White
House earlier this year were H. Ri-
chard Crane of Michigan, Herman
Feshbach of MIT, Robert Hof-
stadter of Stanford and Chen Ning
Yang of the State University of
New York, Stony Brook.

Spanish theorist Luis E. Ibanez has
been awarded the King Carlos 1st
prize for outstanding junior inves-
tigators. Alberto Galindo and Pere
Pascual shared the prestigious
Ramon y Cajal award for their life-
time labours in furthering modern
theoretical particle physics in
Spain.

In July, some competitors in the XVl
International Physics Olympiad in London
visited the Rutherford Appleton Laboratory,
and are seen here at the ISIS pulsed neutron
source. The Olympiad is a competition for
pre-university students and involves both
theoretical and practical examinations.

(Photo Rutherford Appleton)
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Continuous Electron Beam
Accelerator Facility (CEBAF)

RESEARCH SCIENTISTS

Located in Newport News, Virginia, the CONTINUOUS ELEC-
TRON BEAM ACCELERATOR FACILITY (CEBAF) is building a
4 GeV high-intensity, continuous wave electron accelerator
utilizing superconducting RF technology. Its scientific goal is to
study the structure and behavior of nucleons and nuclei, their
quark substructure, and the strong and electroweak inter-
actions governing the properties of this fundamental form of
matter.

We are seeking scientists to fill a number of full-time positions
in the research division. Significant areas of research and
studies will include spectrometer design and development,
instrumentation for experimental equipment and halls, and
development of the general physics program. Our philosophy
is to find individuals who will both contribute to our long-range
research effort and to the development of state-of-the art tools
for a new generation of nuclear physics experiments.

Interested applicants should submit a curriculum vitae, list of
publications and three professional references to:

Personnel Director
CEBAF

12070 Jefferson Avenue
Newport News, VA 23606

Qualified candidates will be referred to the Research Division
Search Committee. Employment will be effective during FY 87.

CEBAF is proud to be an Equal Opportunity Employer.

The Nuclear Physics section (K) of
NIKHEF, the Netherlands’ National

E Institute for Nuclear Physics and
High-Energy Physics, has two
openings for a position resident at
Geneva (CERN) for an

v

NI

-~~~

Experimental Postdoctoral
Physicist (m/f)

to participate in the New Muon collaboration (NMC) which has
an approved research programme on the EMC-effect and relat-
ed QCD-aspects of nuclei at the 300 GeV muon beam at CERN.
They will act as local contact person and supervisor of PhD
students of the recently initiated Dutch participation in this
programme. Experience in High-Energy and/or Nuclear Physics
Instrumentation is required.

The appointment will be for two years with the Foundation for
Fundamental Research on Matter (FOM). Information can be
obtained from Dr. R. van Dantzig, tel. (20) 5920120 or 430315.

Candidates are invited to apply within a month after appearance
of this advertisement, while enclosing a curriculum vitae and
names of referees, to

Prof. Dr. G. van Middelkoop,
Scientific Director

of NIKHEF section K,

P.O. Box 4395,

1009 AJ Amsterdam,

the Netherlands.

EUROPEAN SYNCHROTRON
~ RADIATION FACILITY IN GRENOBLE

VACUUM SCIENTIST POSITION

The ESRF is dedicated to covering the needs of
the European scientific community in the X-ray
part of the electro-magnetic spectrum.

The staff in charge of the pre-construction
studies is being appointed.

ESRF wishes to recruit the Head of Vacuum
Group.

The candidate should have an excellent scientific
background for physical and chemical approaches
to the vacuum problems that are particularly criti-
cal in an electron storage ring. Experience of
modern vacuum techniques and technologies will
be appreciated.

Curriculum vitae, description of field of interest,
date of availability together with names of three
referees should be forwarded to the:

Director General

European

Synchrotron Radiation Facility
BP 220

F-38043 GRENOBLE CEDEX
FRANCE

RESEARCH SCIENTISTS
EXPERIMENTAL HIGH
ENERGY PHYSICS

Supercomputer Computations
Research Institute
Florida State University

The Supercomputer Computations Research Insti-
tute of the Florida State University is seeking qua-
lified candidates for 2 full time permanent research
positions in experimental high energy physics. Pre-
ference will be given to scientists with strong soft-
ware orientation willing to investigate the use of
vector computers in the analysis of high energy
physics data. Hardware experience is desired. Suc-
cessful candidates will be involved in the ALEPH
(LEP) or DO (Fermilab) collider experiments. Appli-
cants should submit a curriculum vitae, list of publi-
cations and arrange for three letters of recommen-
dation to be sent to

Dr. Joseph Lannutti

Director

Supercomputer Computations
Research Institute

Florida State University
Tallahassee, Florida 32306-4052
U.S.A.

The Florida State University is an Equal Opportuni-
ty, Affirmative Action Employer.
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Two prominent CERN physicists,
experimentalist Charles Peyrou and
theorist Jacques Prentki, both now
retired, receive 1986 Grand Prix
of the Académie francaise.

Eric Forsyth has been appointed
Chairman of Brookhaven’s new
Accelerator Development Depart-
ment which is responsible for the
Laboratory’s role in the proposed
US Superconducting Supercollider,
the construction of the new Boos-
ter for the Alternating Gradient
Synchrotron, and the technical
development for the proposed
Relativistic Heavy lon Collider.

15 May. For more than 20 years
he had been the Vice Director of
JINR’s Laboratory of Nuclear Prob-
lems, and was widely recognized
for his theoretical work on a range
of particle physics questions.

Dirac Medals

The 1986 Dirac Medals of the In-
ternational Centre for Theoretical
Physics, Trieste, Italy, have been
awarded to Yoichiro Nambu and
Alexander Polyakov for their im-
portant contributions to mathema-
tical physics.

Nambu, of the Enrico Fermi Insti-
tute, Chicago, receives the award
for his work in spontaneous sym-
metry breaking, for his formula-
tions of quark models and for his
geometrical interpretations of dual
resonance models.

Polyakov, from the Landau Insti-
tute, Moscow, is cited for his work
in applications of scale invariance
and topology in quantum field the-
ory, and for the discovery of new
field theory solutions (monopoles,
instantons).

Lev Lapidus

Lev I. Lapidus, a leading physicist
at the Joint Institute for Nuclear
Research, Dubna, USSR, died on
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Physics marathon

The Sunday separating the
parallel and plenary sessions
at the Berkeley meeting (see
page 1) coincided with the
San Francisco marathon, and
five conference participants
passed up such attractions A Luis E. Ibanez — King Carlos 1st prize
as a champagne brunch (see page 33)

cruise round San Francisco
Bay to run the gruelling

26 mile (42 km) circuit. Den-
nis Nordstrom, Editor of the
Particle and Fields issue of W Eric Forsyth is Chairman of Brookhaven'’s
Physical Review, crossed the B‘Z‘g’aﬁ‘tﬁfgfﬁr ator Development

line in 3 hours 23 minutes,

among the first 1000 of the
7000 or so finishers. Daniele
Dominici of Florence and Gen-
eva took 3 hours 51 minutes,
with CERN Courier Editor
Gordon Fraser in pursuit

25 minutes behind. Berkeley
host Harry Bingham came in
later, gallantly paced by Tony
Hey from Southampton, UK.
Other physicists in the race
included Stan Wojcicki of the
Superconducting Supercollid-
er Design Group (3 hours

45 minutes) and two students
working on the Mark Il detec-
tor at Stanford — Paul Web-
ber (3 hours 27 minutes) and
Eric Soderstrom (3 hours

56 minutes).
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EXPERIMENTAL
HIGH ENERGY PHYSICS
UNIVERSITY OF HOUSTON
INVITES APPLICATIONS FOR

Post Doctoral Research Associate

An opening exists at the University of Houston for
a Post Doctoral Research Associate. Recent
Ph.D’s (0-5 years) in Experimental High Energy
Physics with strong hardware background are
encouraged to apply. This person will initially live
in Houston, Texas, to work on the construction of
streamer tubes for the LVD experiment at the
Gran Sasso Tunnel, Italy. Later assignments will
depend upon the course of development of the
experiment and may involve residence in Europe
for one more years.

Resumes with the names of at least three persons
who can provide professional evaluations should
be sent to:

Professor Kwong Lau
Department of Physics
University of Houston -
University Park
Houston, Texas 77004
U.S.A.

(713)749-4617

The University of Houston is an Equal
Opportunity/ Affirmative Action Employer.

Research
Positions

The State University of New York at Stony Brook
has several positions available to work in devel-
opment and testing of modules for the uranium
absorber — liquid argon calorimetry: for the D@
Detector, which will study 2 TeV pp collisions at
Fermilab. The calorimetry will be calibrated in a
beam test program at Fermilab. D@ is expected
to have an initial run in 1988. Salary and level of
appointment commensurate with experience.
Applications, including vitae and 3 letters of
reference, should be addressed to:

Professor M. Marx,
Physics Department,
SUNY Stony Brook,
Stony Brook,

NY 11794 USA.

SUNY Stony Brook is an affirmative action/
equal opportunity educator and employer.
AK+#204-B.

Development Engineer
Hansen Laboratories, Stanford University

Hansen Laboratories invite applications for a staff Research and
Development Engineer to develop a new facility for synchrotron
radiation and free electron laser research. This facility will enable
Stanford University to investigate new areas in accelerator
physics, free electron laser physics, medical imaging and
materials science. The scope of this position includes the
specification, design and operational testing of real time com-
puter control systems, electron beam orbit measurement
systems, RF systems and distributed timing systems. These tasks
require hardware and software skills as applied to minicomputers
and microprocessors as well as high frequency analog and high
speed digital electronics skills.

The successful applicant will have an advanced degree in
physical science or engineering with a broad technical back-
ground encompassing electrical engineering and physics. Work
experience should include five or more years of experience with
the analysis and design of control and instrumentation systems
for particle accelerators and storage rings as documented by
engineering practice and publications. Formal education or prac-
gcal experience in accelerator and storage ring physics is highly
esirable.

Qualified candidates are encouraged to submit a resume and
cover letter highlighting their qualifications to: Carl Cork, #26577,
High Energy Physics Laboratory, Hansen Laboratories, Stanford
University, Stanford, CA 94305, US.A.

Stanford University is committed to equal opportunity through
affirmative action in employment. We are especially eager to
identify minority persons and women with appropriate
qualifications.

Continuous Electron Beam
Accelerator Facility

ACCELERATOR SCIENTISTS

Located in Newport News, Virginia, the CONTINUOUS ELEC-
TRON BEAM ACCELERATOR FACILITY (CEBAF) is building a
4 GeV high intensity, continuous beam electron accelerator for
nuclear physics research. This machine will be a 4-pass
recirculating electron linac utilizing superconducting RF
technology and will provide a beam of exceptionally low
emittance and energy spread. Acceleration will be provided by
418 five-cell, 1.5 GHz superconducting cavities, each fed with
< b kW average RF power. The Accelerator Physics Division
of CEBAF has staff positions at various levels for accelerator
scientists with expertise in the following:

accelerator operations

magnet design

injector design

transport optics and beam dynamics
RF and feedback

instrumentation and control
collective effects

E&M calculations and cavity design
computer simulation

Interested applicants should submit a curriculum vitae, list of
publications and three professional references to:

Personnel Director
CEBAF

12070 Jefferson Avenue
Newport News, VA 23606

CEBAF is proud to be an Equal Opportunity Employer.
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A streamer chamber picture showing what
happens when 3200 GeV (3.2 TeV!)
oxygen ions from the CERN machines hit

a target.

CERN’s big machines surpass themselves

Already acknowledged as the
world’s most versatile system of
particle accelerators, CERN’s com-
plex of big machines put on a
spectacular performance after the
short summer shutdown.

On 3 September, the new LEP
Injection Linac (LIL) was put
through its paces and the ejection
line tested in readiness for the next
step. The next evening the ‘Proton’
Synchrotron held onto a 500 MeV
beam of electrons. In the initial
tests, the electrons were not accel-
erated, but later they were taken
up to the 3.5 GeV energy foreseen
for injection into the next machine,
the SPS, before passing to the
new LEP. Thus the PS adds elec-
trons to its already impressive
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repertoire of protons, antiprotons,
deuterons, alpha particles, and
most recently oxygen ions, and
the preparations for LEP beams
pass another important milestone.

The electrons held only one slot
in the complicated 14.4 second
PS ‘supercycle’ supplying also
beams of deuterons and oxygen
ions ready for injection into the
SPS. Thus the PS was hard at
work, but supplying no protons
at all!

After using the higher intensity
deuterons for setting up, on 7 Sep-
tember the big machine had its
first taste of oxygen. Suspense as
the particles were accelerated to
200 GeV per nucleon — 3200 GeV
or 3.2 TeV per ion, the highest

energy beam ever produced! —
and fed to waiting experiments.
These oxygen beams give currents
thousand of times down on those
of standard proton beams, and
special beam monitoring tech-
niques had to be developed.

At the end of the beamlines,
experiments will eagerly search
for signs of the long-awaited
‘quark-gluon plasma’, a new state
of nuclear matter. The first physics
run is scheduled for November.

Stan Livingston

Stanley Livingston, one of
the great accelerator pion-
eers, died in Santa Fe on
26 August. From collabora-
tion with Ernest Lawrence
on the construction of the
first cyclotron through to
participation as Associate
Director in the formation of
Fermilab, Stan Livingston
was a leading figure in the
field.

Probably his most famous
era was his time at Brookhav-
en when he led construction
of the first big proton ma-
chine, the Cosmotron, in the
early fifties. It was during
this time that, together with
Ernest Courant and Hartland
Snyder, he invented strong
focusing — one of the crucial
steps in the development of
accelerators.

He will also be remembered
as Director of the Cambridge
Electron Accelerator and for
his definitive book ‘Particle
Accelerators’ written in col-
laboration with John Blewett.
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PHYSICS THROUGH THE 1990’s

A MAJOR NEW SERIES FROMTHE NATIONAL RESEARCH COUNCIL

his benchmark series

provides a thought-
provoking survey of current
research in Physics. It con-
fronts major problems in the
field and proposes detailed
courses of action for everyone
in the international physics
community. In eight volumes,
Physics through the 1990’s
presents a comprehensive
assessment of the state-of-the-
science, defining problems
and recommending solutions.

Order the complete series at the
special price of £153.60/$192 and
save over 20 %.

HOW TO ORDER

Available from your usual supplier,
Physics through the 1990’s can also be
ordered from John Wiley & Sons Ltd
now. Please enclose either your
cheque or credit card details —
American Express, Visa, Access,
Diners Club —together with your
name and address. Cheques should
be made payable to John Wiley &
Sons Ltd.

We will refund your payment without
question if you return any unwanted
book in re-saleable condition within
30days. Allow 21 days for delivery. All
prices correct at time of going to press
but are subject to change.

Please send your orders to—Lesley
Valentine, John Wiley & Sons Ltd,
Baffins Lane, Chichester, West
Sussex, PO19 1UD, England

AN OVERVIEW

The Overview volume of Physics Through the 1990s presents a “big picture” discus-
sion of the state-of-the-science. The volume serves as a detailed but general intro-
duction to the specialized fields presented in other volumes of this comprehensive

series.
0-309-03578-3; 1986, 184 pages, paperbound, £14.40/$18.00

ATOMIC, MOLECULAR, AND OPTICAL PHYSICS

Laser-assisted manufacturing and fiber-optics communications are but two of the
products of AMO research. As this volume points out, “AMO physics provides
theoretical and experimental methods and essential data to neighboring areas of
science such as chemistry, astrophysics, condensed-matter physics, plasma physics,
surface science, biology, and medicine.” The book addresses recentadvances in
atomic, molecular, and optical fields and provides recommendations with a plan of

action for furtherresearch.
0-309-03575-9; 1986, 200 pages, paperbound, £23.60/$29.50

CONDENSED-MATTER PHYSICS

As this volume explains, “condensed-matter physics is divided roughly into two
broad subareas devoted, respectively, to solids and liquids.” Topics include the elec-
tronic structure and properties of matter, the structures and vibrational properties of
solids, critical phenomena and phase transitions, magnetism, semiconductors,
defects and diffusion, surfaces and interfaces, low-temperature physics, liquid-state
physics, polymers, and nonlinear dynamics, instabilities, and chaos.
0-309-03577-5; 1986, 328 pages, paperbound, £30.40/$38.00

ELEMENTARY-PARTICLE PHYSICS

Today’s understanding of subatomic structure is vastly more sophisticated than
that which produced the first atomic bomb. This volume discusses the behaviour of
elementary particles that make up the atomic nucleus — quarks, leptons, and force-
carrying particles—and outlines current understanding of theories that integrate this
knowledge into a unified picture. Itincludes an in-depth discussion of accelerators
and colliders, and covers instrumentation for elementary-particle research, inter-

actions with other areas of physics, and educational trends.
0-309-03576-7; 1986, 248 pages, paperbound, £23.60/$29.50

GRAVITATION, COSMOLOGY, AND COSMIC-RAY PHYSICS
“Gravitation, cosmology, and cosmic-ray physics are often regarded as subfields of
astrophysics, as well as physics, because they are practiced by using physical
techniques in an astronomical setting,” this report begins. The recent discoveries and
opportunities of each field are discussed atlength. Experimental and theoretical work
in gravitation, the current theoretical insight into cosmological questions, and new

detectors for cosmic-ray physics are some of the topics covered in this volume.
0-309-03579-1; 1986, 192 pages, paperbound, £23.60/$29.50

NUCLEAR PHYSICS

Questions facing nuclear physics today include the many dynamic forces that can-
not be understood with elementary particles alone. This volume examines major
advances in nuclear physics, theimpacts of nuclear physics on other disciplines and
society, and current frontiers of nuclear research. Recommendations cover new
accelerator plans, support of instrumentation, and the need for increased support of
nuclear theory.
0-309-03547-3; 1986, 240 pages, paperbound, £23.60/$29.50

PLASMAS AND FLUIDS

Plasma and fluid physics includes the promising fields of fusion research and space
investigation. This report discusses the most important advances in these vital areas
over the past decade and recommends a renewed commitment to basic research in
plasma and fluid physics. Itlists significant recent accomplishments in the fields of
general plasma physics, fusion plasma confinement and heating, space and

astrophysical plasmas, and fluid physics and lists future research opportunities.
0-309-03548-1; 1986, 336 pages, paperbound, £30.40/$38.00

SCIENTIFIC INTERFACES AND TECHNOLOGICAL
APPLICATIONS

Unlike the preceding volumes in the series, this book takes a step beyond pure
research and looks at the ways physics discoveries have affected society and the
economy.
0-309-03580-5; 1986, 288 pages, paperbound, £24.00/$30.00
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Raccords rapides «Stiubli»
avec bouion de sécurifé.

G-A 301/83f

Ce raccord a été mis au point en vue d'éviter lors de son désaccouplement que I'about du tuyau
Soit éjecté, ce qui peut représenter un danger pour l'utilisateur. Le principe de construction
® correspond a celui du modele Staubli RBE bien connu. La aussi, il possede un accouple-
ment et un désaccouplement automatique s’effectuant a 'aide d'une seule main. Il va sans
dire que ce raccord se traduit aussi par la méme haute qualité inhérente aux produits Staubli.

.

RBS -

le nouveau raccord de sécurité pour air comprimé

Le raccord de sécurité RBS est breyeté au niveau
international et correspond aux normes iSO 4414 et aux
prescriptions SUVA.

TAUBLI/

1ére impulsion:
I'about est maintenu en position
de sécutité alors que le tuyau
se décomprime.

2eme impulsion:

l'about peut étre désaccouplé
du raccord sans aucun risque 8810 Horgen/Zurich
pour l'utilisateur.

Rentabilité grice & son haute qualité

Staubli SA, Hydraulique et Pneumatique

Téléphone 01/726 25 11, Télex 826 902 STAG

This year’s prizes for Achievement in
Accelerator Physics and Technology
awarded by the US Particle Accelerator
School go to (left to right) Tom Weiland,
Helmut Piel and Maury Tigner.

Accelerator Prizes

This year’s prizes for Achievement
in Accelerator Physics and Tech-
nology awarded by the US Particle
Accelerator School go to Tom
Weiland of DESY for his work in

CERN Courier, October 1986

the development of novel methods
for calculating electromagnetic
fields in complex structures, and
to Helmut Piel of Wuppertal and
Maury Tigner, Director of the Cen-
tral Design Group of the proposed
US Supercondicting Supercollider,
for ‘their contributions to making
radiofrequency superconductivity
a practical reality’.

- The results of Weiland’s work
are used world-wide in the design
of accelerators to minimize para-

sitic wake field effects and to op-
timize the design of radiofrequency
cavities. The push to develop su-
perconducting r.f. techniques has
paid dividends and has led to its
adoption for large new accelerator
projects in Europe, the US and
Japan.

The prizes will be awarded at
the Joint US/CERN Topical School
on Particle Accelerators, South
Padre Island, Texas, from 23-

29 October.
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Heraeus
Niobium for Cavities

Heraeus has developed new grades of niobium that permit
the exploitation of a whole new field of high energy physics.

In the temperature range 2 to 20 K the
thermal conductivity of niobium depends
on the sum of the interstitial impurities and
it can be determined by measuring the
specific Residual Resistivity Ratio (RRR).
While commercial grades have an RRR of
20 to 40, Heraeus is now supplying special

grades, remelted several times in our EB
furnace, that have guaranteed values of
RRR of 100 to 200 corresponding to ther-
mal conductivities of 25 — 50 W/mK. The
development of an RRR of more than 200
is continuing, the next goal being a value
of 300 for ingot and sheet material.

Please contact us for further information.

[

RN
W.C. Heraeus GmbH - Produktbereich Sondermetalle
PO. Box 1553 - D-6450 Hanau 1 - Telephone (06181) 35-1

I \
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SINGLE

~.. PHOTOELECTRONS?

High Gain d~70% SER*

New XP2262 facilitates multiplier noise discrimination

A complete range of fast 2" PMTs for physics and industry | r ~ ggﬁg?i S#t'?eulrésee time fora
number | | 1 pulse
; o tw Ot Atce
PM : I t
T of  (ns) (s) (ns) (ns) "MEAWY | 4l — anode pulse duration FWHM
stages (mA) :
for a delta light pulse
XP2262 ‘ 12 20 30 050 0,70 250
! ! Ot = transit time spread for single
XP2242B | 6 16 @ 24 - 0,70 350 electron mode
XP2020 12 15 24 0,25 0,25 280 _
: ; 1 Atce = transit time difference
XP2230 | 12 16 27 035 0,60 280 centre-edge
HiQh sensitivity bialkali 44 mm diameter cathode Philips Industries
XP2262 replaces XP2232. Other fast tubes: Electronic Components and
3/4" PM1911 3" PM2312 Materials Division
*SER = Single Electron Resolution 17 PM2982 5" XP2041 Eindhoven, The Netherlands

We've set the standard forover 20 years
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We provide It.
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and materials

Good luck.

In November, TRISTAN, the
largest ring accelerator built to
date, will go into action at the
Tsukuba Science City in Japan.
It will enhance the research
facilities of KEK, the National
Laboratory for High Energy
Physics.

Power for TRISTAN.

PHILIPS wish all those involved
at KEK a successful start for
the TRISTAN facility, and a future
full of rewarding scientific
achievements.

The r.f. energy at 508 MHz,
needed for particle acceleration
is generated by klystrons of
800 kW and 1000 kW output
power. Of the installed power of
14 MW, Valvo klystrons provide
9.2 MW.This includes equipment
of the 1000 kW stages with 6
YK1303 klystrons.

KEK recently chose Valvo in
Germany, the centre of compe-

. tence for Philips’ advanced

klystron technology, because of
Philips’ long experience with
large klystrons for major accel-
erator operations such as DESY
and CERN.

In addition to meeting an .
extremely tight schedule, the
specifications demanded by
KEK required innovations, such
as vapour cooling, which had
never been used before with
klystrons of this power. The
YK1302 and YK1303 are the first
vapour-cooled 800 kW.and
1000 kW klystrons. The YK1303
is also the first klystron of

1000 kW continuous-wave power
at 508 MHz.

Valvo is a member of the world-
wide Philips group of companies.

We’ve set the
klystron standard
for over 10 years

Philips International B.V., Electro-
nic Components and Materials
Division, Eindhoven, The Nether-
lands, Telex 35000 phtcnl

In Japan: Nihon Philips Corp.,
Tokio

In France: RTC-Compelec, Paris
In the UK: Mullard, London

In the USA: Amperex Electronic
Corp., Hicksville L.I.

In W. Germany: Valvo, Hamburg
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