Relativistic heavy ion research
at Berkeley

A new detector in operation at the Berkeley
Bevalac to study nuclear reactions. Called
the 'Plastic Ball', it covers a full solid angle.
6 m downstream (rear) is the 'Plastic Wall'
to pick up the most forward reaction
products.
(Photo LBL)

It is a project matching Ernest 0 .
Lawrence's relentless enthusiasm
for pioneering science, which he sus
tained even in the most unpropitious
times. It would cost at least $ 1 0 0
million t o build at a time when Amer
ican politicians are slicing budgets at
record rates and demanding accoun
tability from Lawrence's legacy of
'big science'. It departs radically
from recent studies at high energy
accelerators, in which the interac
tions of six quarks in proton-proton
collisions are viewed as complex,
and argues instead for collisions be
tween ultra-relativistic uranium nu
clei that would involve thousands of
quarks and gluons under conditions
that hark back to the first f e w sec
onds of the Universe.
The project is VENUS (Variable En
ergy Nuclear Synchrotron), a super
conducting collider for relativistic
heavy ion research (see December
1979 issue, page 406). It is the most
ambitious of several proposed facili
ties, such as Japan's Numatron, the
USSR's TYS at Dubna, and Germa
ny's SIS at GSI, Darmstadt, for ex
tending the energy range for heavy
ions beyond the highest available at
the Bevalac (2 GeV/amu).
VENUS, with 1 T e V / a m u equiva
lent energy for uranium-uranium col
lisions, would open the study of nu
clear and particle physics t o a totally
new range of physical conditions, in
which the very large energy densities
customary in high energy particle
collisions
would
be
produced
throughout the volume of a large nu
cleus. According to present expecta
tions, a quark-gluon plasma will be
produced. Many-body phenomena
involving quarks and gluons are pos
sible. The study of pions, kaons, hyperons, charmed particles, photons
and lepton pairs produced under
these unusual conditions should ena
ble the transition to this new state of
matter to be identified and explored
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and cast new light on the nature of
the strong interaction.
LBL at CERN
The prospect of this pioneering re
search is tantalizing. LBL scientists,
impatient t o have a first glimpse of
these new areas of physics before
VENUS is completed, have also pro
posed using light ions in CERN's ma
chines. One collaboration with GSI
Darmstadt was proposed t o build an
ion source to produce carbon, oxy
gen or neon ions in the CERN Proton
Synchrotron and to extend Bevalactype experiments t o energies several
times higher.
In another collaboration, LBL
joined w i t h Los Alamos to propose a
new linear accelerator for experi
ments at the CERN Intersecting Stor
age Rings using ions in the mass
range up t o argon or calcium. While
the huge detectors at the ISR, de

signed for proton-proton collisions,
will be strained up t o , and perhaps
even beyond, their limits t o deal with
the large multiplicities of secondary
particles f r o m nucleus-nucleus colli
sions, this programme could give a
first indication of the physics to be
opened up by VENUS.
Meanwhile,

back at the Bevalac

A new chapter in this field is being
opened at the Bevalac with the instal
lation and initial operation of t w o
major detector systems (HISS and
the Plastic Ball/Plastic Wall). In addi
tion, a project t o extend the mass
range of available heavy ions to ura
nium and t o increase the intensity of
lighter ions is scheduled for comple
tion early next year.
The Heavy Ion Spectrometer Sys
tem (HISS) follows the high energy
physics tradition of recycling accel
erators, since much of its 4 7 5 metric
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The heart of the new detector at the
Bevalac, the Heavy Ion Spectrometer
System (HISS), is this superconducting
magnet which produces a 3 T field in a
relatively large volume (2 m diameter, 1 m
gap).

ton steel yoke is the old Michigan
Cyclotron magnet. HISS has a 2 m
diameter, 1 m gap 3 T magnetic field,
together with a highly adaptable de
tector system that can be arranged in
many different ways t o suit the ex
perimenter. It is planned t o recon
struct the effective mass of corre
lated groups of fragments w i t h an
accuracy of about 1 MeV. This
should be useful not only in searches
for exotic phenomena but also in ex
tending conventional nuclear physics
studies.
The Plastic Ball/Plastic Wall (a
GSI/LBL collaboration) is designed
to cover 96 per cent of the total solid
angle into which reaction products
can be emitted. The Plastic Ball is a
spherical array of 8 1 5 pyramidal
scintillator detectors, each w i t h its
o w n electronics t o identify and
measure charged particles w i t h ener
gies up t o about 2 0 0 M e V / a m u . The
Plastic Wall is placed 6 m d o w n 
stream from the Ball, t o detect parti
cles within a f e w degrees of the
beam and t o identify them by their
time of flight f r o m the Ball. Like HISS,
the Plastic Ball/Plastic Wall is de
signed for the study of extremely
complex events and is provided w i t h
dedicated computers t o cope w i t h
the torrent of information f r o m such
experiments.
The uranium beams project in
volved the installation of a third injec
tor at the SuperHILAC (the injector
for the Bevatron in the Bevalac
scheme) comprising a new ion
source plus a 7 5 0 kV CockcroftWalton and a Wideroe pre-accelerator needed t o boost the velocity of
uranium ions high enough for accept
ance by the SuperHILAC's first tank.
Experiments have been run w i t h light
ions from the new injector, and pre
liminary tests w i t h gold ions look
encouraging.
W o r k began in July t o install a tri
ple-walled cold-bore liner in the Be
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vatron to minimize losses from
charge-exchange interactions
by
lowering the vacuum from 1 0 ~ t o
1 0 ~ torr. The boxlike device, ap
proximately 1 foot by 4 f o o t , is a
cryopump that w o r k s by freezing out
residual gas molecules on the cold
surfaces of its t w o inner liners. This
cold-bore design — which does not
call for the precision assembly of
printed circuit board and other c o m 
mon materials — eliminated costly
attention t o fabrication, quality con
trol and technician training that a
conventional all-metal ultrahigh va
cuum liner would have demanded.
The improved vacuum will allow
uranium beams to be accelerated t o
an energy of 1.1 GeV/amu, extend
ing the available mass range of pro
jectiles above the presently available
iron ions.
6
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W h a t justifies such enthusiasm for
the future? When the Bevalac
started, critics said that nothing

could be learned because of the c o m 
plexity of the interactions — it would
be impossible t o measure interac
tions in which hundreds of second
ary particles were produced. They
also said that, theoretically, such
events w o u l d reflect only triviality
since at these energies the nuclei
would be almost transparent t o each
other and physics would consist only
of nucleon-nucleon collisions con
fused by the Fermi motion of the
nucleons within the nuclei.
On the other hand, enthusiasts
pointed t o exciting possibilities for
new forms of nuclear matter, espe
cially density isomers and pion con
densates. After several years of ex
periments the critics have been con
founded, the enthusiasts have been
taught caution and international in
terest in this kind of research has
intensified.
The most encouraging result
from the Bevalac, and Dubna's
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Installation of the cold-bore liner now under
way at_ the Bevatron to achieve a vacuum
of 10~ torr so as to minimize losses from
charge exchange interactions. The improved
vacuum will allow uranium beams for the
SuperHILAC to be accelerated to an energy
of 1.1 GeV/amu, and thus extend the
available mass range of projectiles beyond
iron ions.
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Synchrophasotron, is that things are
simpler than anyone had a right to
expect. There is a clear distinction
between participant and spectator
parts of the interacting nuclei. In each
collision, the t w o nuclei (seen by an
observer looking in the beam direc
tion) partially eclipse each other. The
overlapping, or participant, regions
fuse to become a hot fireball which
spits out pions, kaons, and lambdas
in proportions that correspond to
temperatures of more than 100
MeV. The noninteracting, or specta
tor, region of each nucleus is left
looking like a nucleus w i t h a piece
bitten out of it. The decay fragments
of the spectators continue primarily
in the beam direction (projectile frag
ments) or remain nearly at rest in the
laboratory (target fragments).
It is possible (by using trigger de
tectors downstream from the target
which are sensitive to the projectile
fragments, or by multiplicity detec
tors sensitive t o the breakup parti
cles from the fireball) t o select events
w i t h given impact parameters. Im
pact parameter has thus been added
to the variables under control, in ad
dition to target mass, projectile mass
and bombarding energy. The interac
tions which have target and projec
tile of equal mass and an impact pa
rameter of zero (head-on collisions)
are particularly interesting because
many theories then take on an espe
cially simple form.
The major conclusions drawn so
far are:
— Head-on collisions of equal mass
nuclei frequently lead t o complete
disintegration of both target and pro
jectile, together with emission of
about t w e n t y pions.
— In collisions of light nuclei w i t h
lead or uranium, it appears t o be pos
sible to absorb all the projectile ener
gy into the target nucleus. The ura
nium nucleus is thus not only opaque
t o the projectile but capable of bring
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ing it completely to rest, prior to sub
sequent breakup of the whole en
semble.
— Coulomb effects can be very im
portant. For example near projectile
velocity, the Coulomb interaction be
tween the projectile fragments and
produced pions enhances the nega
tive to positive ratio to 5 0 to 1, even
for a projectile as light as neon. For
light nuclei incident on uranium the
dominant breakup mode in the pro
jectile fragmentation region is due t o
electromagnetic effects.
— No evidence has been seen as
yet for such exotic phenomena as
density isomers or pion conden
sates, but the signatures for such
effects have been defined much
more precisely as a result of the inter
play between theory and experi
ment.
However last year a phenomenon
was observed that, if confirmed by
independent evidence, may be
stranger than either density isomers
or pion condensates. A team from
LBL, Canada, and the University of
Marburg studied collisions of 1.8
GeV/amu iron ions in emulsions.
They observed that some nuclear
fragments near the beam direction
have unusual properties — six per
cent of them have about ten times
the normal propensity for further in
teractions with emulsion nuclei. Fur
thermore, fragments from these sec
ondary interactions include an even

higher percentage with anomalous
behaviour.
The phenomenon was observed
for a wide range of nuclei and it is
assumed that the fragments have
some new behaviour. Could it be a
new quark configuration of nuclei?
Lawrence would have relished this
mystery. A s k e d what he would find
w i t h one of his planned cyclotrons,
Lawrence one responded 'if I knew
the answer, I wouldn't have t o build
it'. Further experiments on this topic
will have first priority with the up
graded Bevalac next year.
(This article was prepared in the
Nuclear Science and the Accelerator
and Fusion Research Divisions at the
Lawrence Berkeley Laboratory. See
also the story on page 4 0 2 describ
ing medical uses for heavy ion
beams.)
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