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astrophysicist, this advanced text
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timely and unified discussion of the
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‘A thorough and expert

summary . ..’ Nature
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The Experimental
Foundations of Particle
Physics

R. N. CAHN and G. GOLDHABER
From the discovery of radioactivity
and X-rays, the authors take the
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developments of the twentieth
century, culminating in a description
of the electroweak theory of the
W and Z vector bosons. The text is
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problems.
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Now in paperback
Introduction to
Experimental Particle
Physics

RICHARD C. FERNOW
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literature and the beginning
graduate student or interested

scientist.’ Nature
£15.00net PB 0521379407 421pp. 1989

Finite-Temperature Field
Theory

JOSEPH I. KAPUSTA
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formalism and theoretical
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quantum field theory at high
temperature and density.
Applications to white dwarfs,
neutron stars, utrarelativistic
nucleus-nucleus collisions, and the
early universe are discussed.
£35.00net HB 0521351553 240pp. 1989
Cambridge Monographs on Mathematical Physics
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Differential Geometry,
Gauge Theories and
Gravity

M. GOCKELER and T. SCHUCKER

This is a self-contained introduction
to the concepts of differential
geometry that are fundamental to
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relativity.
‘... avery beautiful and elegantly
written introduction . . . | highly
recommend the book.’ '
SIAM Review
£12.95net PB 0521378214 248pp. 1989
Cambridge Monographs on Mathematical Physics
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Edited by L. M. BROWN,
M. DRESDEN and L. HODDESON

This distinctive collection of essays,
discussions, and personal
reminiscences focuses on the
intellectual and social development
of elementary particle physics from
1947 to 1963. The editors have
assembled a prestigious group of
physicists, including a number of
Nobel Laureates, to present a unique
picture of this exciting era of particle
physics.

£40.00net HB 0521309840 736pp. 1990

Data Analysis Techniques
for High-Energy Physics

Experiments

R. K. BOCK, H. GROTE, D. NOTZ
and M. REGLER

For the first time the necessary
analysis techniques have been
assembled in a single book. Particle
detectors and real-time information
processing are described, followed
by a discussion of data handling and
information storage on computer. It
describes the methods of fitting and
analysis of data to extract the
maximum information.

£60.00net HB 0521341957 449pp. 1990

Electroweak Interactions

An Introduction to the Physics of
Quarks and Leptons

PETER RENTON

This book is suitable for students
with a first degree in physics. It
describes the GSW model, that
unifies weak and electromagnetic
forces and gives a detailed
description of the interactions
between quarks and leptons.
Experimental results and the
interactions of quarks with the
strong force are also discussed.

£60.00net HB 0521266033 608pp. 1990
£25.00net PB 0521366925

Fundamentals of
Nuclear Physics

N. A. JELLEY

The first nuclear physics text in many
years, this book is aimed at final-
year undergraduates. It covers the
elementary concepts necessary for
introductory courses and also
explores more advanced topics for

graduate courses.

£35.00net HB 0521264472 283pp. 1990
£11.95net PB 0521269946

For further information write to Susan Chadwick in Cambridge or Clay Gordon in New York
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University Press
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The broadest selection of
vacuum components:

Built better, delivered faster.

Huntington offers you more types of vacuum components
— in more varieties — than anybody else.. ..

All kinds of chambers. All kinds of positioners and
feedthroughs. All kinds of valves. All kinds of connectors.
And all kinds of everything else you need to build a
better vacuum system.

Including superior design and engineering capabilit
to build components to your individual requirements.

© 1990 Huntington Laboratories
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The great supernova of 1987

Despite their apparently very
different objectives, astrophy-
sics — the study of the largest
structures in the Universe —
and patrticle physics — the
study of the smallest — have
always had common ground.
On 23 February 1987 a super-
nova explosion provided addi-
tional impetus to reinforce
these links. In this article,
David Schramm of the Univer-
sity of Chicago and the

NASA /Fermilab Astrophysics
Center, explains why.

One of the most spectacular events
in modern astrophysics occurred
on 23 February 1987, when light
and neutrinos from a supernova ex-
plosion in the Large Magellanic
Cloud (LMC) first reached Earth.
The LMC (a satellite of our Milky
Way Galaxy) is 170,000 light years
away, making the event, code-
named SN 1987A, the closest vi-
sual supernova since Kepler ob-
served one almost 400 years ago.

Most of our knowledge of super-
novae has come either from obser-
vations of outbursts in distant gal-
axies, too far away to obtain neu-
trinos, or from studies of old rem-
nants in our Galaxy, thus missing
the fireworks.

Having a supernova blast off re-
latively nearby while neutrino and
electromagnetic radiation detectors
were in action has been fantastic.
In addition, the pre-supernova star
was identified as a blue giant rather
than a red giant supernova stereo-
type.

The detection of the initial neutr-
ino burst made the supernova a
weak interaction laboratory as well
as founding extra-solar system
neutrino astronomy. The supernova
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also proved that our ideas about
element formation in exploding
stars were basically correct. In par-
ticular, the gamma rays from ra-
dioactive cobalt-56 indicated that
heavy elements had been 'cooked’
— nucleosynthesis had indeed oc-
curred.

This supernova also might affect
estimates of stellar collapse rates
in our Galaxy. In particular, if many
blue stars collapse, then there
could be many dim Type Il super-

SN 1987 A.

novae that were missed in previous
supernova rate estimates. Another
exciting ingredient was the recent
report of a 0.5 ms pulsar remnant
in the supernova. This led to a lot
of speculation but has now been
withdrawn.

Supernovae — lore and laws

Astronomers classify supernovae
by whether or not they have hy-



Supernova
encounters of the
second type

In a star more than about ten
times heavier than the sun, the
gravitational pressure can retain
a thermonuclear furnace generat-
ing successive layers of heavier
elements — hydrogen on the out-
side, then helium, then carbon,
neon, oxygen and silicon, ac-
creting a core of nickel, cobalt
and iron, the most tightly bound
nuclei, where the thermonuclear
chain fizzles out.

In the 1930s Subramanyan
Chandrasekhar pointed to a criti-
cal mass, about 1.4 times the
mass of the sun, when stellar
material succumbs to the com-
pression of gravity.

At about the same time Fritz
Zwicky had suggested that un-
der extreme conditions, atoms
could be crushed, with orbital el-
ectrons being pushed into
nuclei, producing neutrons and
neutrinos, and forming a neutron
star of uniform nuclear density,
a few cubic centimetres weigh-
ing hundreds of millions of tons!

Such compact nuclear matter
is highly incompressible, and the
gravitational collapse of the me-
tallic core bounces back as a
mighty shock wave, blowing
apart the outer layers of the
star. The energy released in
such a supernova is enormous —
as though everyone on Earth
were to explode a million million
million megaton hydrogen bomb
at the same time — outclassed
only by the Big Bang itself!

Such a supernova (Type ll)
produces two signals — an initial
burst of neutrinos as its inner
core collapses, and a subse-
quent wave of radiant energy as
the shock wave bounces back.
The 1987 supernova was the
first time that physicists had
been equipped to catch these
neutrinos. It was also the first
time that a supernova had lit up
in a well-mapped part of the
sky, so that astronomers were
soon able to identify the culprit
‘progenitor’ star.

Figure 1 — Stars are characterized by a lumi-
nosity/temperature chart (Hertzsprung-Rus-
sell diagram). Heavier stars are found from
the upper left of the ‘main sequence’ (which
includes the sun).
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drogen: Type | have no hydrogen,
Type Il do. Supernova explosions
also fall into two categories — nu-
clear detonation (when the pres-
sure of gravitation pushes the inter-
ior temperature of a star to thermo-
nuclear ignition) and gravitational
core collapse (when gravitation
crushes the atomic nuclei, produc-
ing a neutron star — see box). SN
1987A had hydrogen, so it is defi-
nitely Type Il, and it had the neutri-
no footprint of core collapse.

The star which exploded was
definitely the blue supergiant San-
duleak —69 202, estimated to be
about 20 times heavier than the
sun. Massive stars (more than
about ten solar masses) have been
generally assumed to be the proge-
nitors of Type Il supernova, and SN
1987A confirms this.

Such stars eventually evolve to
an onionskin configuration with an
iron core surrounded by successive
shells of silicon, oxygen, neon, car-
bon, helium and an outer envelope
of hydrogen. This structure devel-
ops through various stages of nu-
clear burning. The first stage is hy-
drogen burning to helium, when the
outer surface temperature and lumi-
nosity are related by the main se-
quence line on Figure I. Our sun is
currently on the main sequence.
When the core helium mass
reaches a critical level, it starts to
collapse under its own gravity until
it gets hot and dense enough for
the helium to burn to carbon. As
this core collapses, the outer envel-
ope expands and the star becomes
a ‘red giant’.

The next stage occurs when the
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carbon ashes of helium burning
reach a critical mass and begin to
collapse. Carbon cores go critical
at the Chandrasekhar mass, about
1.4 solar masses. Because of mat-
ter evaporation (like the solar wind)
stars lighter than about ten solar
masses never get carbon cores this
large, and so don’t burn carbon,
settling down instead to become

w hite dwarves. On the other hand
heavier stars do eventually go
through carbon burning, followed
by several successive stages be-
fore reaching iron (Figure 2). Here
the burning sequence stops be-
cause iron has the maximum nu-
cleon binding energy of any nu-
cleus.

After the carbon burning stage,
the centre of the star is so dense
that energy produced by burning
cannot radiate, and escapes mainly
as neutrinos. Since these particles
flow unscathed through the outer
part of the star, these regions have
no knowledge of what is happening
inside. Thus once a star becomes a
red giant, it is difficult to tell

hether its core is burning helium
or is iron on the verge of collapse.
Furthermore the outer envelope
may puff up and be blown off, or
may contract due to hydrogen-he-
lium mechanisms that have nothing
to do with the interior goings-on.

The most discussed although
not totally unexpected feature of
the progenitor Sanduleak —69 202
is the fact that it was a blue super-
giant. Standard descriptions for
progenitors of Type Il supernovae
generally assume red supergiants.
Such supernova lore was naturally
biased, since standard Type lls ob-
served in distant galaxies require a
large progenitor to achieve their
high luminosities, and low luminosi-
ty, blue progenitor Type lis would
be easily missed. However even
before 1987 it was known that

CERN Courier, April 1990

Figure 2 — A schematic cross-section of a
star of about 20 solar masses, showing suc-
cessive formation zones of heavier ele-
ments. Only the dominant elements are .
shown, significant amounts of nearby alpha-
particle type nuclei also being present.

When a supernova explodes and its iron
core collapses to form a neutron star, sev-
eral solar masses of heavy elements will be
gjected. As Fred Hoyle first suggested in the
1940s, this could be the origin of the bulk of
heavy elements.

14 5 7

20

massive blue stars could also un-
dergo final collapse, depending on
convection, mass loss, and compo-
sition. SN 1987A ultra-violet ob-
servations reveal the previously
ejected red giant envelope as a cir-
cumstellar shell about 0.7 light
years around a progenitor which
was once red and subsequently
eroded to blue.

Detailed nucleosynthesis calcula-
tions indicate that oxygen and
nuclei from neon to calcium are
produced in approximately solar

proportions in massive stars and
associated Type Il supernovae,
while carbon is somewhat under-
produced. While there is general
qualitative agreement on this, nu-
merical results differ considerably.
Nevertheless it was expected that
the 1987 supernova should show
significant levels of nuclei from ox-
ygen to iron.

The amount of ejected iron from
a Type Il supernova is sensitive to
the temperatures and densities
near the boundary between the col-
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Figure 3 — Visual signal from the 1987 su-
pernova as seen by the Geneva group using
the European Southern Observatory.
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lapsing core and the ejected mater-
ial. The strength of the rebound
shock shows both the extent to
which silicon and intermediate
mass nuclei are converted to iron
and the rebound velocity due to the
. ‘ncompressibility of the core.

& Iron production in SN 1987A de-
termines the detected gamma ray
signal and the role of decay heating
in later stages. As iron is primarily
formed from alpha particle nuclei
with equal numbers of neutrons
and protons, nuclei of mass 56 are
formed as nickel-56, which decays
with a 6.1-day half-life to cobalt-
56, decaying in turn with a 79-day
half-life to iron-56. The longer co-
balt lifetime enables gamma-rays to
be detected for a year or more
after the initial explosion. By fol-
lowing the gradual fading of the su-
pernova (Figure 3), astrophysicists
estimated that it ejected 0.075 so-
lar masses of cobalt-56. In addi-
tion, NASA’s Solar Maximum Mis-
sion (SMM) space probe picked up
the characteristic gamma rays less
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than nine months after the explo-
sion, proving that fresh cobalt-56
had been synthesized in SN 1987A
and confirming a prediction made
twenty years earlier, as well as vin-
dicating the arguments for gamma-
ray line astronomy.

Following the light curve

Observations in Chile, Australia,
New Zealand and South Africa
gave a precise picture of how the
light from SN 1987A varied with
time (Figure 3). After its initial
sighting, when the progenitor
star's humble 12th magnitude shot
up to about 6th magnitude, the su-
pernova gradually intensified over
the next 90 days, eventually reach-
ing 3rd magnitude.

The 1987 Supernova differs
from “typical’ supernovae observed
in other galaxies, most, if not all, of
these differences deriving from its
origin as a blue star (radius 3 x
10'2 m) as opposed to a red giant

(radius 10'3-'4 m). Blue supergiant
envelopes are smaller, denser and

‘have steeper density gradients, giv-

ing higher velocities and converting
more supernova energy into re-
leased kinetic energy, at the ex-
pense of radiative output. In addi-
tion, the time between collapse
(neutrino emission) and the shock
emerging from the surface (first
light) would be hours for a blue star
rather than days for a red giant. In
1987 this time lag was about three
hours.

Hydrodynamic models indicate
that the rapid rise in the initial visi-
ble light from SN 1987A ties in
with a collapse at the same time as
the emission of the detected neutri-
nos. It seems likely that the lumi-
nous energy over the first hundred
days came from shock deposition
and atomic recombination. The
subsequent fading, with a half-life
of 79 days, suggests that 0.075
solar masses of nickel-56 were
ejected.

Remnant expectations — neutron
star or black hole?

An important and still outstanding
question is the character of the su-
pernova’s remnant. As well as giv-
ing neutron stars, the massive star
progenitors of Type Il supernovae
can produce black holes. If the
remnant core mass exceeds the
limit for a stable neutron star
(about two solar masses), the grav-
itation is so strong that a black
hole is formed. Standard assump-
tions for the Sanduleak star favour
a 1.4 = 0.2 solar mass remnant,
suggesting a neutron star, unless
later accretion occurred.

Neutron star or black hole? The
question should soon be answered.
The supernova is no longer fading,
having recently levelled off at value
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745 Linear Gate Fan Out DC-250 MHz,4ch.
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NEW 782 Cable-Aid Receiver DC-300MHz,8¢h.
NEW 786 Cable-Aid Receiver DC-250MHz,16¢ch.
NEW 6980 Cable-Aid Receiver DC-300MHz,single channel
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7177 Variable Gain Preamp 2-50, DC-200MHz,8ch.
7186 TDC 25ps res.,12us conversion,16ch.lemo inputs
7187 TDC 25ps res.,12us conversion,16ch.ECL inputs
7194 Gate/Delay Generator 0.1Hz-20MHz ,50ns-10s,

4 channels., 5 outputs (3NIM,1TTL,1ECL)

FASTBUS

10C2 Charge ADC({QDC) 256pCoulombs Full scale 32ch.
10C6 TDC 25ps, 10bits, res.32 ch,

Common Features for 10C2-10C6:

*7us conversion per module *Pedestal Correction
*Megablock Readout(40Mb/s) *Upper and Lower Thresholds
*Muitiple Event Buffering

*Common Start or Stop (10C8 only)

10C8 Latch/Memory 128ch.,2K Deep
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10C8 and 10C9 feature:

*Megablock Readout *Multiple Event Buffer
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MAHWAH, N.J.07430

Tel: (201) 934-8015
Fax: (201) 934-8269
Tix: 990982 PSI UD

FOR SALES OFFICES IN YOUR AREA OR TO RECEIVE A FULL LINE CATALOG
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consistent with pulsar powering.
A report of a 0.5 ms-period pulsar
observed for 15 consecutive 30-
minute intervals in January 1989
showed no variations in timing
down to the 10°'4 level, however
this report has now been with-
drawn.

Any pulsar should eventually
show up as the debris thins out,
and especially when the satellite
ROSAT flies later this year and

looks for the X-rays from the
young neutron star. A fast rotating
pulsar (such as that suggested by
the initial report) would severely
constrain the nature of nuclear
and/or quark matter — only very
soft matter theories can be consis-
tent with such high rotation. In fact
most nuclear matter theories had
trouble with the 0.5 ms period pul-
sar.

Whatever the remnant turns out

to be, the 1987 supernova has al-
ready taught us a lot. We now
know that blue as well as red stars
collapse, and that supernovae from
the former are less bright. The co-
balt-56 gamma rays give dramatic
proof of nucleosynthesis. In the
next issue, the second part of this
article will go on to cover the other
major triumph — the detection of
supernova neutrinos.

Top twenty of the 1980s

What was the hottest particle phy-
sics of the past decade? When
CERN information specialist David
Dallman looked into the high ener-
gy physics database to find the
most frequently cited papers of the
1980s he found two dominant
themes, one theoretical — string
theory, and one experimental — the
discovery of the W and Z carriers
of the weak nuclear force at CERN
in 1983.

(The rankings cover only work
originating during the 1980s — ob-
viously frequent references were
made during the decade to papers
written earlier. The results were
compiled using the HEPDATA high
energy physics information system
managed on the CERNVM comput-
er system by the UK Particle Data
Group at Durham, which uses the
SLAC preprint database.)

The discovery of the W and Z
particles at CERN’s proton-antipro-
ton collider in 1983 was a wa-
tershed in modern science, provid-
ing the final rivets for the already
solid structure of the electroweak
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picture — the synthesis of electro-
magnetism and the weak nuclear
force. (Before becoming CERN Ii-
brary’'s subject specialist, David
Dallman had been part of the Vien-
na team in the UA1 experiment
which discovered the W and Z par-
ticles in 1983.)

The finding of the W and Z parti-
cles by the UA1 and UA2 experi-
ments at CERN were reported in
four 1983 Physics Letters, together
providing a formidable block of
2254 citations.

With or without big discoveries,
the periodic summaries of current
information by the international
Particle Data Group are well appre-
ciated, the most frequently cited
being those in 1986, 1980 and
1988.

The citation rankings show that
strings, supersymmetry and related
developments became a major in-
dustry among theoretical physi-
cists.

Initial efforts to merge the suc-
cessful electroweak picture with
quark forces and with gravity to

form a single "Grand Unified Theo-
ry’ (GUT) describing everything had
been plagued with several major
difficulties, notably the vastly dif-
ferent mass scales of the various
forces. While electromagnetism
and the weak force merge smooth-
ly together at the W and Z mass
scale (about 100 GeV), electro-
weak and quark effects only be-
come comparable at 10'° GeV,
and gravity has to wait until 109
GeV before it gets an equal vote.
The new ingredient in supersym-
metry is to double the number of
basic particles — every fundamental
quark or lepton gets a supersym-
metric field particle counterpart
("squark’ or 'slepton’), while the
known field particles (photon, W,
Z, gluon, graviton) acquire super-
symmetric partners (photino, Wino,
Zino, gluino, gravitino). With this
extra layer of particles, the theory
becomes much neater. While no
sign of superparticles has yet been
found, the search goes on as new
machines open up higher energy
ranges. Physics Reports review
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papers on supergravity in 1981 by
P. van Nieuwenhuizen (404 cita-
tions) and on supersymmetry in
1984 by H.P. Nilles (426) were
prominent.

String theory, where pointlike
particles are replaced by one-di-
mensional strings, first emerged in
the 1970s as an elegant formula-
tion of the dual resonance structure
of strong interactions. At first
these ideas languished in a wilder-
ness, but gradually string descrip-
tions were seen to reproduce re-
cognizable physics, especially
when combined with supersymme-
try. With such ’"superstrings’, many
theorists feel that a framework for
a Grand Unified Theory is within
their grasp.

Most frequently cited (1091
times) was the 1985 Nuclear Phy-
sics B paper by P. Candelas, G.T.
Horowitz, A. Strominger and E.
Witten which proposed the first
quasi-realistic solutions to the "he-
terotic string’. More developments
in this direction came in E. Witten’s
1985 Nuclear Physics B paper (505
citations) on symmetry breaking
patterns.

The now famous heterotic string
had been introduced by D.J. Gross,
J.A. Harvey, E. Martinec and R.
Rohm (the so-called "Princeton Str-
ing Quartet’) in a series of frequent-
ly cited papers, two in Nuclear Phy-
sics B (969 citations to the 1985
paper and 507 to one in the fol-
lowing year) and one in Physical
Review Letters (1985), with 897
citations. In biology, heterosis ref-
ers to the vigour and growth po-
tential often seen as a result of
cross-breeding. In string theory,
the name was adopted when bos-
onic and fermionic strings were
combined, producing new proper-
ties not belonging to either.

E. Witten's 1986 Nuclear Phy-
sics B paper (470 citations) made a
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brave attempt at formulating a
complete string theory language.

The quantum geometry of bos-
onic and fermionic strings had been
pioneered in successive 1981 Phy-
sics Letters by A.M. Polyakov (925
and 446 citations respectively).

Referred to 828 times was the
1984 Physics Letter by M.B. Green
and J.H. Schwarz which was a pre-
cursor of the heterotic string and
pointed out how anomaly cancella-
tions force consistency conditions.
Schwarz was also the author of a
classic pre-heterotic string 1982
Physics Reports review article (764
citations).

The Green and Schwarz propo-
sal was in turn foreshadowed in a
1984 Nuclear Physics B paper (413
citations) by L. Alvarez-Gaumé and
E. Witten which explored the con-
sistency conditions for gravitational
and gauge interactions of chiral
(left/right asymmetric) matter.

Not superstrings as such, but
plenty of citations (811) for the
seminal 1984 paper on conformal
symmetry by A.A. Belavin, A.M.
Polyakov and A.B. Zamolodchikov
in Nuclear Physics B, with applica-
tions in critical phenomena studies
and string theory.

A 1986 Nuclear Physics B paper
by D. Friedan, E. Martinec and S.
Shenker (598 citations) reformu-
lated superstrings in the conformal
language proposed by Belavin et al
and now widely used. Also building
on the ideas of Belavin et al was
the 1984 Physical Review Letter by
D. Friedan, Zongan Qiu and S.
Shenker (423 citations), with im-
portant applications in statistical
mechanics.

Outside the superstring area,
two successive 1983 Nuclear Phy-
sics B papers by E. Witten (652
and 408 citations) looked at the
low energy behaviour of strong in-
teractions, with baryons behaving

as solitary waves (solitons).

E. Witten's 1984 Communica-
tions in Mathematical Physics pap-
er exploring fermion-boson corre-
spondence in two dimensions drew
478 citations.

Another goal of 1980s theory
was to explain how our Universe
with all its idiosyncrasies emerged
from the initial Big Bang. Various
scenarios were put forward based
on ‘inflation” — abrupt phase transi-
tions — early in the Universe’s his-
tory. Frequently cited ideas were
those of A.H. Guth in 1981 (842
citations), A. Albrecht and P.J.
Steinhart in 1982 (542) and A.D.
Linde, also in 1982 (537).

The 1980s also saw the emer-
gence of ‘lattice gauge theory’,
where the introduction of an artifi-
cial lattice facilitates calculations
otherwise difficult or impossible.
The first published numerical simu-
lations using lattice ideas, by M.
Creutz in 1980, were well cited
(523 times).

The listings

The initial figure is the citation
score:

1091 P. Candelas et al: Nuclear
Physics B258 (1985) 46

969 D.J. Gross et al: Nuclear Phy-
sics B256 (1985) 253

925 A.M. Polyakov: Physics Let-
ters 103B (1981) 207

897 D.J. Gross et al: Phys. Rev.
Letters 54 (1985) 502

893 Particle Data Group: Physics
Letters B170 (1986) 1

842 A .H. Guth: Phys. Rev. D23
(1981) 347

828 M.B. Green, J.H. Schwarz:
Physics Letters 149B (1984) 117
811 A.A. Belavin et al: Nuclear
Physics B241 (1984) 333

764 J.H. Schwarz: Physics Re-
ports 89 (1982) 223



652 E. Witten: Nuclear Physics
B223 (1983) 422

598 D. Friedan et al: Nuclear Phy-
sics B271(1986) 93

592 G. Arnison et al (UA1): Phy-
sics Letters 126B (1983) 398
585 P. Bagnaia et al (UA2): Phy-
sics Letters 129B (1983) 130
582 G. Arnison et al (UA1): Phy-
sics Letters 122B (1983) 103
542 A. Albrecht, P.J. Steinhart:
Phys. Rev. Letters 48 (1982) 1220
537 A.D. Linde: Physics Letters
108B (1982) 389

523 M. Creutz: Phys. Rev. D21
(1980) 2308

507 D. Gross et al: Nuclear Phy-
sics B267 (1986) 75

505 E. Witten: Nuclear Physics
B258 (1985) 75

495 M. Banner et al (UA2): Phy-
sics Letters 122B (1983) 476
478 E. Witten: Commun. Math.
Phys. 92 (1984) 455

470 E. Witten: Nuclear Physics
B268 (1986) 253

466 Particle Data Group: Reviews
of Modern Physics 52 (1980) S1
446 A.M. Polyakov: Physics Let-
ters 103B (1981) 211

426 H.P. Nilles: Physics Reports
110 (1984) 1

423 D. Friedan et al: Phys. Rev.
Letters 52 (1984) 1575

413 L. Alvarez-Gaumé, E. Witten:
Nuclear Physics B234 (1984) 269
408 E. Witten: Nuclear Physics
B223(1983) 433

406 Particle Data Group: Physics
Letters B204 (1988) 1

404 P. van Nieuwenhuizen: Phy-
sics Reports 68 (1981) 189

Forward scattering of neutrinos and antineu-
trinos off electrons as seen by the CHARM-II
neutrino experiment at CERN after subtrac-
tion of background.
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Around the Laboratories

CERN
Fixing mixing

While the underlying electroweak
model provides a very satisfactory
synthesis of electromagnetism and
the weak nuclear force, its predic-
tive power is limited, with many
basic parameters having to be
measured in experiments.

One of these, the mass of the Z
particle — the electrically neutral
carrier of the weak nuclear force —
is now amply covered by the ex-
periments at CERN's LEP high ener-
gy electron-positron collider*.

Another vital electroweak quanti-
ty is the mixing parameter ("Wein-
berg angle’) relating the electrically
neutral fields in the theory to the
actual field particles, the Z and the
photon. The CHARM-II collabora-
tion at CERN’s SPS proton syn-
chrotron makes a speciality of
measuring this mixing angle in the
cleanest possible process — neutri-
no scattering off electrons, free of
all the complications of quark inter-

*The UA2 experiment at CERN's
proton-antiproton collider has
made a precision measurement
of the mass of the companion W
particle — story next month.

actions, where interpretation is
clouded by the uncertainties in the
quark content of nuclear particles.

The CHARM-II (Brussels/
CERN/Hamburg/Louvain/Moscow/
Munich/Naples/Rome) collabora-
tion catches its neutrinos in 700
tons of 3.7 m-square glass plates
interspersed wyith scintillator and
streamer tubes, with a down-
stream muon spectrometer. (The
acronym comes from the original
CERN/Hamburg/Amsterdam/
Rome/Moscow collaboration which
investigated neutral current neutri-
no interactions at the SPS from
1976 to 1985.)

With almost all the target mass
being carried by nuclear material,
the electron events are very rare.
From some nine hundred million
neutrino interactions, CHARM-II
carefully isolates some two thou-
sand cases of a neutrino hitting an
electron, basically about one for
every two hours of running in the
SPS neutrino beam.

The mixing parameter comes
from comparing the reaction rates
for neutrinos and antineutrinos on
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electrons, the result (expressed as
the square of the sine of an angle)
being 0.232, compounded with
small errors. With the precision Z
mass value, this provides interest-
ing consistency constraints on to-
day’s six-quark picture, where the
sixth ('top’) quark still awaits dis-
covery. Now the pundits say that it
is likely to remain that way for a
while (see page 19).

Meanwhile CHARM-II continues
to accumulate data to complement
the high energy electroweak results
coming from the new generation of
electron-positron physics experi-
ments.

SUPERCOLLIDER
Design changes

A major task faced by the new US
Superconducting Supercollider
(SSC) Laboratory as it began life
early last year was to prepare a ba-
seline design, cost and schedule
for the site in Ellis County, Texas.

The conceptual design devel-
oped by the SSC Central Design
Group at Berkeley in 1986 was for
a generic site, and served as the
basis of the cost estimate submit-
ted to Congress for fiscal year
1990. Under the terms of the con-
tract between Universities Re-
search Association (URA — the
SSC parent organization) and the
US Department of Energy to estab-
lish the SSC Laboratory, signed in
January 1989, a report on the Site-
Specific Conceptual Design Report
was complete by December.

One major change foresees by-
passes in the 87-kilometre collider
ring at the east and west intersec-
tion regions so that detector con-
struction and modification would
not hinder machine operation, and

12

obviating the need for special as-
sembly halls.

A second class of design
changes arises from the need to
control beam loss during the 40-
minute injection period when beam
pulses from the injector complex
are loaded into the twin collider
rings.

These losses are due to small
but inevitable deviations of the
bending and focusing magnetic
fields in the collider from their ideal
values. To compensate for these
deviations modern synchrotrons
use correction magnets, but the re-
quirements for these magnets will
be more demanding for the SSC
than for any previous machine. For
example the on-axis bending field
must keep the circulating protons
within one millimetre of the axis
over the entire 87 kilometre orbit.
Small non-uniformities in the bend-
ing field (one part in 10,000 one
centimetre from the axis) could
cause some off-axis protons to be
lost. During injection when the
beam is largest, off-axis protons
would pass through the slightly
non-uniform bending fields several
million times.

The SSC design therefore in-
volves tradeoffs between the cost
and/or difficulty of constructing
magnets with very uniform field
distributions (high field quality) and
of building and operating elaborate
correction and compensation mag-
net systems coupled with high ac-
curacy beam diagnostics.

The choices will have substantial
impact on the time required for
commissioning the machine. A ma-
chine with higher quality magnetic
fields might cost more to build but,
with fewer demands on the correc-
tion systems, would be easier to
commission. On the other hand a
machine with a more finely tuned
compensation system, with ‘learn-

ing curves’ being encountered
simultaneously on many complex
components and systems, would
probably take longer to commis-
sion, involving higher initial operat-
ing costs and delaying the research
programme. A valid cost compari-
son has to take all these factors
into account. ,

Operational experience with the
superconducting Tevatron at Fermi-
lab has revealed time-dependent
multipole error fields due to so-
called 'persistent currents’ in the
superconducting wire filaments.
Since these effects become less
important at higher fields, a higher
energy SSC injector would help.

Simulation of proton behaviour in
the full SSC injection period has be-
come possible with modern super-
computers. These studies predict a
progressive loss of particles with
time, suggesting more conservative
criteria for the allowed field errors
and a larger dipole magnet aper-
ture.

After consultation with the SSC
Machine Advisory Committee, an
Ad Hoc Committee on SSC Phy-
sics, the Scientific Policy Commit-
tee, the Executive Committee of
the Users Organization for the SSC
and the URA Board Of Overseers,
the SSC Laboratory has recom-
mended to the Department of Ener-
gy that the maximum collider ener-
gy be maintained at 20 TeV, the in-
jector energy be increased from 1
to 2 TeV, the inner diameter of the
collider dipole magnet coil be in-
creased from 4 to 5 cm, and the
collider focusing strength be in-
creased by decreasing the half-cell
length from 114 to 90 metres.

The cost implications for the
SSC have been carefully assessed.
In addition to preparing a ‘bottoms-
up’ cost estimate of the recom-
mended design, the Laboratory de-
veloped several other options, in-
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‘Magnet work
begins at
SSC Lab

The first superconducting di-
pole for the US Supercon-
ducting Supercollider (SSC)
arrived at the Texas Laborato-
ry from Brookhaven on 16
February. Tests found turn-
to-turn shorts and the magnet
will be completely disassem-
bled and ‘autopsied’ in a
workshop area now being
prepared in the nearby Stone-
ridge Business Park. This
marks the start of hands-on
SSC magnet work on-site.

A complete magnet arrived
from Fermilab in March and
will be used in vibration tests.
Another magnet from Brook-
haven will be used in vibration
analysis and then disassem-
bled. The new workshop will
be used for preliminary engi-
neering studies such as elec-
trical interconnections. Exten-
sive magnet work will begin
on site next year when the
Magnet Test Facility is com-
plete.

A 17-metre dipole for the US Superconduct-
ing Supercollider (SSC) arrives at the Texas
site from Brookhaven (New York), marking
the start of on-site magnet work. Because
of design changes, production magnets will
be 16 metres. About 8,000 will be needed
for the 87-kilometre SSC ring.
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cluding one in which the cost was
pinned to the $5.9 billion previous-
ly submitted to Congress. To build
an SSC at that budget, the ring
would have to be made smaller,
with the maximum proton energy
educed to about 15 TeV.
Following a preliminary dis-
cussion of the options with SSC
Laboratory Director Roy Schwit-
ters, Energy Secretary Watkins re-
quested a peer review of the
science issues that might be in-
volved in changing the performance
goals of the SSC, and a formal DoE
review of the SSC cost estimates.
A High Energy Physics Advisory
Panel (HEPAP) SSC physics group
chaired by Sidney Drell met at the
Laboratory in January to consider
the physics impact of possible
changes in machine parameters,
especially the maximum energy.
The conclusion was that "the SSC
Laboratory, in its current proposal,
has chosen wisely among the alter-
natives and that the project should
move forward expeditiously....
Lowering the beam energy to be-
low 15 TeV would unacceptably in-

crease the risk of missing import-
ant new physics. We feel strongly
about the need for a flexible and re-
liable facility at 20 TeV for decades
to come, and therefore, we believe
it would be very unwise to rede-
sign the machine with a reduced
circumference’. This recommenda-
tion was unanimously endorsed by
HEPAP on January 12 and trans-
mitted to the DoE.

The DoE cost review concluded
that the estimates provided were
‘reasonable’. The DoE is currently
considering the Laboratory’s re-
commended design, cost and
schedule and is expected to an-
nounce its position shortly. In the
meantime, the Secretary of Energy
has indicated the Department’s and
the Administration’s continued
strong support of the project.

Meanwhile the team of Parsons,
Brinckerhoff, Quade and Douglas
Inc. of New York, NY, and Morri-
son Knudsen Corp. of Boise, Idaho,
in association with CRSS Inc. of
Houston, Texas, has been selected
for negotiation to become the ar-
chitect, engineer and construction
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manager for the SSC. This task
covers responsibility for the design
and construction of the tunnels, un-
derground halls and the campus for
the Laboratory, but not for the ac-
celerator’s technical components.
The total cost of the conventional
facilities is estimated at about $1
billion.

The next step is submission of a
ost proposal and negotiation of a
formal contract with URA. The ne-
gotiations are expected to be com-

pleted this spring and a contract
awarded in early summer. Parsons
Brinckerhoff et al were one of four-
teen competing teams in the selec-
tion process that began in October
1988.

Figure 1 — The superconducting magnets in
the HERA electron-proton collider at DESY
will have to contend with eddy currents. The
resulting sextupole coefficient at 25 mm ra-
dius in the dipoles (compared with the di-
pole field itself) is shown for increasing and
decreasing magnet current. The black points
are the average values from 200 dipoles,
compared with theoretical predictions. The
effects are well understood.

Figure 2 — Time dependence of the sextu-
pole field in a HERA dipole, taken on the
lower branch of the hysteresis cycle (see
Figure 1) at 250A, corresponding to proton
injection at 40 GeV.
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DESY
Handling persistent
eddy currents

The vanishing electrical resistance
of superconducting coils as well as
their ability to provide magnetic
felds far beyond those of saturated
iron is the main motivation behind
the push to use superconducting
technology in big new proton ac-
celerators.

But this advantage can turn into
a drawback at low excitations
when the eddy currents — induced
in any electromagnet when the field
is changed — do not decay, but
continue to flow. Preparations for
the proton ring of the HERA elec-
tron-proton collider nearing com-
pletion at the German DESY Labo-
ratory in Hamburg have borne this
in mind.

Bipolar eddy currents generate
higher-order multipole fields which
may become intolerable. A well-
known example is the sextupole
component measured in all super-
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conducting dipoles, but in the
HERA proton ring whose injection
energy is only five per cent of the
820 GeV design energy even high-
er order multipoles come in — a 10-
pole in the dipole magnets and a
12-pole in the quadrupoles. Sextu-
pole, 10-pole and 12-pole correc-
tion coils are used in HERA to com-
pensate the resulting field distor-
tions.

Compensation requires a precise
knowledge of the persistent current
effects. Thus all dipoles and qua-
drupoles are subjected to extensive
magnetic measurements, especially
near the injection field, and multi-
pole components are determined
to a precision of 2 x 107 relative
to the main field.

Figure 1 shows the average sex-
tupole coefficient from measure-
ments of 200 dipoles. A pron-
ounced offset (hysteresis) is seen
between increasing and decreasing
currents, as the persistent currents
rotate differently in the two cases.
The curves are the predictions of a
computer model, showing excellent
agreement, with no adjustable pa-
rameter, the only input being the

way the critical current density of
the superconductor changes with
magnetic field and with tempera-
ture.

The persistent currents also
have a significant effect on the
magnets’ main field. Their contribu-
tion to the dipole field shows simi-
lar hysteresis and is again well des-
cribed by the model. At the injec-
tion energy the dipole field is re-
duced by 0.5%, corrected by di-
poles to ensure a proper injection
match.

The first indication that persist-
ent current fields change with time
came during careful observations
of beam behaviour during the hour-
long injection of antiprotons into
Fermilab’s superconducting Teva-
tron. The HERA magnets’ field dis-
tortions vary logarithmically with
time — during the 30-minute proton
injection process the sextupole
component changes by about 2 x
104 compared to the dipole field,
and the current in the sextupole
correction coils has to be adjusted
to compensate this drift.

The explanation is superconduct-
ing ‘flux creep’ — some of the mag-
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netic flux bundles trapped at pin-
ning centres in the superconductor
may be released by thermal activa-
tion. Surprisingly, the creep rates in
the HERA magnets depend on who
made them — the Italian dipoles
show about twice the effect of the
German ones.

To improve knowledge of the
persistent current effects during
machine operation, two reference
dipoles (one ltalian, one German)
will be connected in series with the
ring magnets. NMR and Hall probes
and pickup coils will accurately de-
termine dipole and sextupole com-
ponents, and this information will
be used to adjust the current in the
ring’s correction coils.

A superconducting accelerator is
obviously more complicated to
control than a normal machine,
however the wealth of knowledge
on persistent current effects and
the provisions for accurate
measurements make the HERA
specialists confident that their ma-
chine will perform as planned.

From Peter Schmueser

BROOKHAVEN
Ready for RHIC

With its RHIC — Relativistic Heavy
lon Collider — project now part of
the budget proposed by US Presi-
dent Bush for fiscal year 1991
(March issue, page 28), Brookhav-
en is about to start construction of
a unique kind of high energy collid-
er. At a time when accelerators
handling particles — electrons, pro-
tons and their antimatter counter-
parts — are boosting beam energies
for microscopes to probe ever-
shorter distances, RHIC is envi-
sioned as a great pressure-cooker
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for strongly interacting matter.

A relativistic (ultra high energy)
heavy ion collider has been a key
element of the long range planning
for US nuclear physics for many
years. In its most recent plan, de-
veloped last summer, the Depart-
ment of Energy/National Science
Foundation’s Nuclear Science Advi-
sory Committee (NSAC) said ‘RHIC
has the highest priority for new
construction in the nuclear physics
program. We urge a swift begin-
ning for this important project’.

President George Bush and the
DoE responded with a call to au-
thorize 397 million dollars of con-
struction funds for RHIC, about
one-quarter being earmarked for
detectors. If Congress approves,
construction will start early in 1991
and RHIC will be ready for experi-
ments in 1997.

RHIC is designed to explore the
extremely high temperatures and
densities when ordinary nuclear
matter is transformed to a plasma

Aerial view of the accelerators at Brookhav-
en, showing the existing tunnel in which the
RHIC collider will be built, with the Tandem-
Booster-AGS complex as injector.

of quarks and gluons. For this,
RHIC’s heavy ion beams will collide
at energies orders of magnitude
beyond those used in ion experi-
ments at Brookhaven and at CERN.

With its two rings of supercon-
ducting magnets, the RHIC collider
will be the final link in Brookhav-
en’s chain of heavy ion accelera-
tors. lon beams from the Tandem
van de Graaff are transported
through a 550-metre transfer line
and injected into the AGS Alternat-
ing Gradient Synchrotron. Currently
silicon ions (mass 28) are acceler-
ated to 14.6 GeV per nucleon in
the AGS and extracted for fixed-
target experiments. The AGS
Booster Synchrotron is currently
under construction, and when this
is complete in 1992, ions from the
Tandem van de Graaff will be pre-
accelerated prior to injection into
the AGS — allowing much heavier
ions to be handled.

The AGS will inject into RHIC,
which will be able to handle the full
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Performance specifications for RHIC, show-
ing the design luminosity against collision
energy for various ion masses. On the right-
hand scale, central collisions mean that ions
pass within 1 fermi (10°13) of each other.
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range of ion species, from protons
up to the heaviest available. Para-
meters are optimized for experi-
ments with gold beams at a maxi-
mum energy of 100 GeV per nu-
cleon per beam, but heavier beams
such as uranium will be on tap if re-
quired. In addition, RHIC will be
able to operate over a wide range
of collision energies, from those
provided by the AGS upwards. The
luminosity for maximum energy
gold beams will be 2 x 1028 per sq
cm per s, while proton beams of
up to 250 GeV will give luminosi-
ties of about 103", Mixed collisions
(eg protons on gold) will also be
possible.

The two interlaced rings of the
collider will cross six times. Four
experimental areas will be used ini-
tially, with the remaining two free
for future expansion.

As preparations are made to be-
gin construction of RHIC and its de-
tectors, R&D for the project has
been in high gear for the past sev-
eral years. The earliest R&D work
for the machine focussed on accel-
erator physics and the problems of
accelerating, storing, and colliding
intense beams of heavy ions. In
many respects standard high ener-
gy particle accelerator know-how
had to be re-evaluated for RHIC,
the first facility of its kind in the
world.

A major development effort has
centred on the collider’s supercon-
ducting magnets. The 9.7-metre di-
poles are the largest of these, and
with 288 required are by far the
largest cost item. The dipole de-
sign follows the basic 'cosine the-
ta’ coil geometry originally devel-
oped at Brookhaven ten years ago
for the Isabelle project, and which

The layout of the two superconducting rings
in the RHIC tunnel. One-half of one magnet
lattice cell is shown.
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went on to be adopted into design
for subsequent projects elsewhere.

RHIC’s dipole design incorpo-
rates several special features — a
relatively large bore (80mm) ac-
commodates the beam growth in-
herent in tightly-bunched beams of
highly charged ions; the magnets
have a relatively modest field of
3.45 tesla, achieved with a single
layer of superconducting cable; and
the iron yoke assembly is used to
constrain the coil. A primary goal
has been to fine-tune these
features to produce a reliable mag-
net which is as simple and inexpen-
sive as possible to manufacture.

So far eight full-size prototype
RHIC dipoles have been produced,
and all have been successfully
tested, even at fields well above
the nominal 3.45 tesla.

The DoE has held two major re-
views of RHIC technical readiness
over the past year, the most recent
focussing specifically on the mag-
net system. Both concluded that
RHIC is ready for construction.

An Information Meeting at
Brookhaven on May 4 will discuss
the Laboratory’s plans for RHIC's
research programme, and a work-
shop on experiments and detectors
for RHIC will be held at Brookhaven
from 2-7 July.

From Tom Ludlam

Conceptual design for a scintillating fibre
tracking chamber. With multiple (30/40) hits
with 15 micron accuracy in a 10mm fibre
depth, the tracker consists of thin concentric
‘superlayer’ shells surrounding the beam
pipe where the collisions take place.
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DETECTORS
Scintillating fibre
readout

Scintillating fibres are being used
increasingly as a detector medium
for calorimetry, tracking and pre-
shower counters (May 1988, page
27), where their excellent granulari-
ty gives better resolution than con-
ventional scintillator sheets, etc.

In particular, these fibres are a
natural candidate for the detectors
needed to exploit planned very high
energy proton colliders, such as
the SSC Superconducting Supercol-
lider in the US and LHC at CERN,
where the intense beams (luminosi-
ties of 1033 or more) would pro-
duce at least one event per ballpark
spacing of ten nanoseconds be-
tween the proton bunches in the
beams.

To cope with these rapid rates,
detectors need fast response, fine
granularity, sophisticated "trigger-
ing” and high tolerance to radiation.

The signals collected by the
fibres can be read out by a number
of methods depending on the re-
quired granularity, ranging from
several centimetres using conven-

tional phototubes, through several
millimetres using multianode photo-
tubes, to 20 microns or so using
image intensifiers with CCD sys-
tems (the latter being employed by
the UA2 collaboration at CERN’s
proton-antiproton collider — June
1987, page 9).

With the ceiling of CCD opera-
tion typically 10® Hz (10 microse-
conds between events) and an
overall collider event rate of 108
Hz, the information collected by
such a collider detector would have
to be temporarily stored in some
kind of pipeline. A solution under
development at CERN in the con-
text of the ltalian-funded LAA pro-
ject uses an optoelectronic ‘delay
tube’ where a photocathode con-
verts the fibre flashes into elec-
trons, the microsecond delay being
introduced by drifting the electrons
in a vacuum tube under very weak
electric fields (a few volts per
metre).

For fibre applications aiming for
coarser granularity, one possibility
being explored by a LAPP (Anne-
cy)/CERN/Trieste/Fermilab team,
working with specialists from Japa
nese industry, uses position-sensi-
tive photomultiplier tubes with pi-
pelined electronic readout.
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QUARKS
Two’s company,
three a crowd?

Last year, careful measurements by
the experiments studying electron-
positron annihilation in CERN’s new
LEP ring and at Stanford’s SLC li-

ear collider showed that the con-
ventional list of the basic consti-
tuents of matter is complete. Three
types of particles (electron, muon
and tau) interacting under the weak
nuclear force are linked to six
quarks — the constituents of nu-
clear matter — grouped pairwise
into three distinct families (‘'up” and
‘down’, ‘strange’ and ‘charm’,
‘beauty’ and "top’). The question
now is to understand why this six-
quark model works.

Under the weak force, heavy
quarks decay into lighter ones,
changing the composition of the
particles in which they are embed-
ded, as in the familiar beta-decay
transformation of neutrons into
protons. In 1963 Nicola Cabibbo
showed how weak decays of parti-
cles containing strange quarks
could be related to beta decays by
a mixing parameter, providing a
natural framework for the subtle re-
lation between quarks and the
weak force.

Looking at the selection rules of
weak decays in 1970, Sheldon Gla-
show, John lliopoulos and Luciano
Maiani realized that an extended
picture containing four types of
quark gave exactly what was re-
quired. This GIM model showed
how to extend the electroweak
synthesis of weak interactions and
electromagnetism to cover also the
strongly interacting particles, and
the ideas were dramatically con-
firmed in 1974 with the discovery
of charmed particles.
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A few vyears later, Kobayashi
and Maskawa introduced a picture
covering six types of quark, the
minimum number needed to ac-
commodate the delicate violation
of combined charge/parity (CP)
symmetry.

The subsequent discovery of the
tau lepton and of particles contain-
ing a fifth ("beauty’) quark showed
that a six-quark, three-family pic-
ture was on the right track. How-
ever while natural consistency con-
ditions give this picture a certain
amount of predictive power, no
new understanding results, and
most of its input parameters (quark
mixings and quark masses) have to
come from experiment (March,
page 17).

Looking deep inside this six-
quark description, Harald Fritzsch
and Johann Plankl of Munich have
found several interesting clues.
While the mathematics of the two-
family (four-quark) subset looks
very tidy, with quark masses con-
tributing in a regular "democratic’
way, a third family brings complica-
tions.

Allowing initially a coupling only
between the second and third fam-
ilies, the picture suggests a prefer-
red direction in the three-dimen-
sional family space (if the coupling
between the second and third fam-
ilies is switched off, this direction
is in fact that of the third family it-
self). Also the mathematics, in par-
ticular for the quark masses, be-
comes murky and unsatisfactory.
Switching on a coupling between
the first and third families rein-
forces these impressions.

The analysis does not depend
on parameters having particular
"fine-tuned’ values, only that the
quark mixing is small, and hints
that the reasons for grouping the
four lightest quarks into two famil-
ies are not the same as those for

grouping the full set of six into
three families. The third family is
not just a heavier carbon copy of
the first two, suggesting that new
ideas are needed to understand
why Nature needs its six quarks,
and how CP violation appears on
the scene.

With the lower limit for the mass
of the sixth (top) quark steadily be-
ing pushed up, theorists are asking
why this quark has to be so heavy.
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People and things

New SSC Research Division Head Fred
Gilman.

Pavel A. Cherenkov.

(Photo Yu. Tumanov)

New head of SSC Research
Division

Stanford theorist Fred Gilman has
been appointed Associate Director
and Head of Research Division for
the Superconducting Supercollider
(SSC) Laboratory, Texas, succeed-
ing M.G.D. Gilchriese, who is re-
turning to Berkeley after his stint as
acting head of SSC research. Gil-
man has contributed significantly to
the work of the American Physical
Society, where he was recently
Chairman of the Division of Parti-
cles and Fields.

On people

Siegmund Brandt (Aleph collabora-
tion) and Hans Dieter Dahmen, both
of the University of Siegen, re-
ceived the German University Soft-
ware Prize for this year from The
Federal Minister for Education and
Science for their book and program
‘Quantum Mechanics on the Per-
sonal Computer’ published by
Springer last year.
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New Frascati Director

Enzo larocci has been appointed as
new Director of the Italian National
Laboratory of Frascati by the Board
of Directors of the Istituto Nazio-
nale di Fisica Nucleare. He suc-
ceeds Sergio Tazzari, who has
completed his second three-year
term.

Enzo larocci is well known for
his contribution to the development
of streamer tube detectors. He
started his scientific activity at Ad-
one,; more recently he took part in
Nusex, the Mont Blanc under-
ground experiment, and is at pre-
sent spokesman of Macro, the
large-surface experiment at the
Gran Sasso National Laboratory.

The new director has appointed
Rinaldo Baldini as new Research Di-
rector, succeeding Mario Greco.

P.A. Cherenkov — 1903-1990

Academician Pavel A. Cherenkov
died on 6 January at the age of 86.
His 1934 discovery that charged

particles passing through a material
faster than the velocity of light in
that medium emit radiation — Cher-
enkov light — went on to open up a
new era in particle detection. For
this work, he shared the 1958 No-
bel award with llya Frank and Igor
Tamm. His ideas in other fields
were a frequent source of inspira-
tion, and his concern for world
peace generated valuable contacts.

Margaret Pearson

We were saddened to learn of the
death of Margaret Pearson of Fer-
milab after a long illness. Margaret
was with the Public Information Of-
fice at the Laboratory from its early
days and worked constantly to
promote Fermilab in every way she
could. For the CERN Courier, | was
in regular contact with her for al-
most twenty years and have spe-
cial reason to express appreciation
and admiration of her achieve-
ments. Margaret was also the key
organizer in the late 1970s when
we implemented the US distribu-
tion of the journal. She was a
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Los Alamos National Laboratory is one of
the world’s largest multidisciplinary scien-
tific labs, where work on fundamental
research continues on new energy sources,
superconductors, national defense...and lit-
erally, hundreds of other projects. Utilizing
modeling tools and computer resources so
advanced, we're
helping to map

Minds over

Mﬂer

Staff Member

Several leading scientists, specializing in
high energy physics are needed in order to
help exploit the many capabilities of the
Superconducting Super-Collider (SSC)
accelerator operations.

Successful applicants will be working in
collaboration with the Laboratory’s Physics
Division and the University of New Mexico in
an initiative to address the scientific and
technical frontiers which will be created by
the existence of the SSC. Responsibilities
include identifying the most promising areas
of physics and technology appropriate to a
national laboratory/university collaboration
while building a team that will ultimately
make key contributions to a successful SSC
detector. Working with Laboratory and
University management, you will build a
funding and personnel base for this research
program.

For consideration in any of these areas, you
must have a PhD in Physics or an equivalent
combination of relevant education and
experience. A distinguished record of
accomplishments in experimental high
energy physics and notable scientific
achievements are essential.

To formally apply for this position, you must
reference Job Number 90896 on your
resume. Please send resume to Ray
Archuleta (MS P280), Personnel Services
Division 90896-D, Los Alamos National
Laboratory, Los Alamos, NM 87545.

Affirmative Action/Equal Opportunity
Employer

Los Alamos

NATIONAL LABORATORY

The University of lowa
Department of Physics & Astronomy -

Postdoctoral Associate

The University of lowa Department of Physics and
Astronomy has recently established a group in High Energy
Physics. Qualified applicants are invited to apply for a
postdoctoral position in Experimental High Energy Particle
Physics. The appointment is for an initial two years with
possible extensions. Presently, members of the faculty are
participating in three fixed target experiments at Fermilab
radiative hyperon decay (E761), photoproduction of high p,
jets (E683), and experiments with polarized protons and
antiprotons (E704). The group will also participate in testing
key elements of an experiment to study production and
decay mechanisms of charmed baryons (E781). Research
and development opportunities for SSC experiments are
also being explored. Applicants should have a recent PhD
in experimental particle physics. Interested persons should

apply to : .

Professor Y. Onel

Chair, Search Committee
Department of Physics & Astronomy
The University of lowa

, lowa City, lowa 52242

s .. USA

The University of lowa is an equal opportunity/affirmative action
employer. Women and minorities are encouraged to apply.
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High Einergy Physics
Research Associates

There are vacancies for Research
Associates to work with groups in the Parti-
cle Physics Department. Groups from the
Rutherford Appleton Laboratory are work-
ing on experiments at CERN, DESY, ILIL and
SLAC. There is in addition a vacancy in the
HEP Theory Group.

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

For an application form please contact
Recruitment Office, Personnel and
Training Division, Rutherford Appleton
Laboratory, Science and Engineering
Research Council, Chilton, Didcot, Oxon
0X11 00X, England. Tel: (0235) 445435,
quoting reference VN 758.

serc Rutherford Appleton Laboratory
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friendly and reliable source of help
and ensured a warm welcome on
many a visit to the Laboratory. | re-
member her with respect and af-
fection.

Brian Southworth

First superconducting acceleration
at CEBAF

In a January 31 test at the Contin-
uous Electron Beam Accelerator
Facility (CEBAF) under construction
at Newport News, Virginia, a beam
from the injector’s 500 keV room
temperature section was acceler-
ated to 2.5 MeV in one cavity of
the quarter-cryomodule containing
the injector’s initial superconduct-
ing accelerating cavity pair (March,
page 21). The encouraging devel-
opment was a step toward first
operation of this 5 MeV quarter-
cryomodule, expected soon, when
both cavities can be powered with
radiofrequency energy.

Both the 45 MeV injector and
the4 GeV recirculating accelerator
are based on hermetically joined
cavity pairs, each pair providing 5
MeV nominal acceleration. Four
pairs are linked within each 20
MeV cryomodule,immersed in 2K
liquid helium. Plans call for install-
ing a total of 338 cavities.

Physics and detectors for LHC

To explore in detail and update the
physics possibilities for the Large
Hadron Collider (LHC) project at
CERN (December 1989, page 1),
the European Committee for Future
Accelerators (ECFA) is now prepar-
ing for an LHC Workshop to be
held in Aachen from 5-10 October.
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All the options for physics studies
are covered, together with ideas
for the detectors, and the require-
ments for experimental areas and
data handling techniques.

Two kinds of working groups
have been set up. Scientific evalu-
ation working groups will consider
the physics potential of proton-pro-
ton, electron-proton and nucleus-
nucleus collisions in the light of re-
cent experimental and theoretical
developments. The conveners (the-
orists and experimenters) for these
three working groups are respect-
ively: G. Altarelli, D. Denegri and F.
Pauss,; R. Ruckl, W.Bartel and J.
Feltesse,; H. Satz and H. Specht.

On the detector side, the follow-
ing topics and conveners have
been selected: event generators,
detector simulation and software
engineering — R. Brun, D. Denegri
and F. Pauss; signal processing,
triggering and data acquisition —S.
Cittolin, G. Manfredi and A. Wal-

A meeting on 19 January at the Ministére
de la Recherche, Paris, organized by friends
and former students, marked the retirement
of Maurice Lévy (left), seen here with French
Research Minister Hubert Curien. Among
many activities and interests, including, for
example, the Science Museum at La Villette,
speakers emphasized Lévy’s major role in
the renaissance of French theoretical physics
in the 50s and 60s.

(Photo Khosrow Chadan)

enta; vertex detection - H. Heijne,
B. Hyams and M. Tyndel, tracking
— M. Giorgi, H. Leutz and D. Saxon;
calorimetry — M. Albrow, J. Colas
and R. Klanner, electron identifica-
tion — T. Akesson and E. Fernan-
dez; muon identification — P. Duink-
er and K. Eggert, consultants on
radiation hardness — H. Schonbach-
er and F. Wulf,; consultants on ex-
perimental areas — L. Leistam and
K. Potter. Machine experts for the
three collision options will be W.
Scandale (proton-proton), G. Gui-
gnard and A. Verdier (electron-pro-
ton), D. Brandt (nucleus-nucleus).

The ECFA-LHC Working Groups
and Workshop Organization is
chaired by J.E.Augustin, G.Jarlskog
coordinates detector R&D and G.
Flugge is the local organizer for the
Aachen workshop. There will be a
two-day intermediate meeting of
the working groups at CERN on 18-
19 June.
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1990 CERN School of Computing

The 1990 CERN School of Comput-
ing, organized in collaboration with
the Inter-University Institute for
High Energies, VUB-ULB, Brussels,
will take place from 2-15 Septem-
ber at Nieuwpoort, Belgium.
Designed to cater for about 60
ostgraduate students and young
research workers, the School will
cover a wide range of topics in net-
working, graphics, optical comput-
ing, signal processing, etc., and
will include both tutorials and prac-
tical sessions on transputers.
Further information from Mrs. In-
grid Barnett, CERN School of Com-
puting, CERN, 1211 Geneva 23,
Switzerland, fax Geneva 767 7155,
email barnett at cernvm.cern.ch

Physics at UNK

A workshop will be held at the In-
stitute for High Energy Physics,
Protvino, USSR from 25-28 Sep-
ember to focus on the require-
ments for detectors at the UNK
machine. Detectors for both fixed
target and collider experiments will
be covered. Further information
from S.I. Bityukov, IHEP, 142284
Protvino, Moscow region, USSR.

TRIUMF Summer Nuclear Institute

TRIUMF’s Summer Nuclear Institute
provides short courses for first- or
second-year graduate level nuclear
physics experimenters and theore-
ticians. For the second course, to
be held from 30 July to 10 August,
lecturers include N. Auerbach, F.
Close, J. Eisenberg and G. Karl.
Participation will be limited to 40.
Further information from B.K. Jen-
nings, TRIUMF, 4004 Wesbrook
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Mall, Vancouver, BC, Canada V6T
2A3, fax (604) 222-1074, email
jennings at triumfcl.bitnet

US Accelerator School

This year’s US Particle Accelerator
School graduate-level credit
courses will be held from 11-22
June at Harvard University, Cam-
bridge, Mass. Information from the
Accelerator School Office, Fermi-
lab, MS 125, PO Box 500, Batavia,
Il 60510, tel (708) 840-3896 or
bitnet USPAS at FNAL.

This year’s Joint US-CERN School
on Particle Accelerators Topical
Course covers Frontiers of Particle
Beams Intensity Limitations, and
will be held from 7-14 November
at Hilton Head Island, South Caroli-
na. Information from the address
above.

Meetings

XX Symposium on Multiparticle
Dynamics — 10-14 September,
near Dortmund. Further information
from D. Wegener, Institute of Phy-
sics, Universitdt Dortmund, D46
Dortmund 50, e-mail UPHO 19 at
DDOHRZ11.

DESY is organizing a topical meet-
ing on the small-x behaviour of
deep inelastic structure functions in
QCD, to be held from May 14-16
at DESY, Hamburg. The aim is a
thorough discussion of theoretical
issues connected with the behav-
iour of QCD structure functions at
very small x. HERA will be the first
machine to reach x-values as small
as 10%. Further information from
the the organizers, A.Ali (DESY)
and J.Bartels (Univ.Hamburg), bit-
net IO2BAR at DHHDESY3

The third workshop on common
frontiers in particle, astro- and cos-
mic ray physics organized jointly by
the Istituto Nazionale di Fisica Nu-
cleare (INFN), the Istituto di Astrofi-
sica Spaziale and the Istituto di
Cosmogeofisica will be held from
21-23 May on the small island of
Vulcano, near Sicily. With the title
‘Frontier Objects in Astrophysics
and Particle Physics’, the meeting
will concentrate on the physics of
accreting matter onto collapsed ob-
jJects, the sources of cosmic rays
and a review of detector tech-
niques. Further information from Is-
tituto di Astrofisica Spaziale, CNR,
CP 67, 00044 Frascati, Italy, email
vulcano at irmias, fax 39-6-
9423847.

Agreeing with CERN

To reinforce the increased spirit of
cooperation resulting from CERN’s
growing attraction for scientists
from all over Europe and from
further afield, the Laboratory em-
barked last year on a programme
of drawing up bilateral agreements
to put ongoing collaboration on a
firmer footing (September 1989,
page 24).

With Finland already set to be-
come CERN's fifteenth Member
State (October 1989, page 26) and
with agreements having been
drawn up with Yugoslavian re-
search centres (January/February,
page 30), further accords were
signed with Poland in Warsaw on
13 February, with Brazil in Campi-
nas on 19 February, and with the
German Democratic Republic at
CERN on 6 March. Other Eastern
European countries will soon follow
suit.
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Top — signing the CERN-Poland agreement
in Warsaw on 13 February. Front row, right
to left, Polish National Atomic Agency Presi-
dent R. Zelanzy, CERN Director General Carlo
Rubbia, and CERN Regional Coordinator for
Eastern Europe W.O. Lock; back row, Coun-

- cil of Ministers Vice-Chairman J. Janowski,
Deputy Minister of Foreign Affairs H. Jaros-
zek, Cracow Institute of Nuclear Physics Di-
rector Z. Bochnacki, and R. Sosnowski of
Warsaw's Institute of Nuclear Science and
Observer at CERN Council.

Centre — signing the CERN-Brazil agreement
in Campinas on 19 February: right to left,
Brazil’s National Research Council President
C. Pavan, Carlo Rubbia, and CERN’s Regional
Coordinator for the Americas C. Roche.

Below — signing the CERN-German Demo-
cratic Republic agreement at CERN on 6
March: Secretary General of the GDR Acad-
emy of Sciences C. Grote, left, and Carlo
Rubbia.

Fibre optic
networking

Using prototype equipment
based on a 100 Mbit/sec Fi-
ber Distributed Data Interface
(FDDI) high performance local
area communications net-
work, and to extend FDDI's
applicability, CERN’s Comput-
ing and Networks Division, in
collaboration with IBM and
Hewlett Packard’s Apollo Di-
vision, has transferred data
files between an Apollo

DN 10000 workstation and an
IBM 3090-600E mainframe
with encouraging results. To
cater for its site-wide Ether-
net network linking over
2000 intelligent devices,
CERN will shortly begin test-
ing other manufacturer’s
equipment on an FDDI ‘back-
bone’. This increased com-
munications power will partic-
ularly benefit the four big LEP
experiments, which together
are each expected to record
some 10 Terabytes (103
bytes) of data during the next
few years.
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Eifionydd Jones (1934-1990)

Eifion Jones of CERN's Proton
Synchrotron Division died on 2
March of a tragic affliction, bravely
borne. He had been at CERN since
1959, with an interlude at Stanford
HEPL where he worked on super-
conducting radiofrequency, and
was prominent among CERN'’s
gifted accelerator physicists. His
major contributions included work
on the ISR vacuum system (particu-
larly in the design of thin-walled
chambers for the collision regions),
an important role in the design and
commissioning of the Antiproton
Accumulator, and leadership of the
subsequent Antiproton Collector
project. With a fine sense of ho-
mour, Eifion was very popular and

ad an excellent rapport with all his
tolleagues. Characteristically, in
spite of his ever increasing physical
handicap, he continued to produce
new ideas and to help others right
to the end. His contribution to ac-
celerator physics and his enthu-
siasm and joy in life will be sadly
missed.

Commissioning CERN’s Antiproton Accumu-
lator in July 1980, left to right, Roy Billinge,
the late Eifion Jones, and Simon van der
Meer.

(Photo CERN 89.7.80)
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Magnet Technology

In delivering magnets for CERN since
1980 Elin has proven itself as a capable
partner with regard to design, engineer-
ing and manufacture of high field preci-
sion magnets for subnuclear-particle
experiments.

Superconducting Magnet Technology
followed by Elin is based on Nb3Sn as
SC material allowing for conventional
helium cooling (4,2 K). Recently an Elin
coil successfully achieved a stable field
of 10.2 T, marking a ,world record®.
Thereby Elin has initiated a breakthrough
to fields beyond 10 T, offering

new opportunities to high

energy physics.

Elin. Magnet Technology made in 42%

77 \\

Elin Energieanwendung
Dept. BA-ST

Penzinger Strasse 76
A-1141Vienna, Austria
Tel.: (222) 82900-3955
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