
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. 

netic flux bundles trapped at pin
ning centres in the superconductor 
may be released by thermal activa
t ion. 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, t w o reference 
dipoles (one Italian, one German) 
will be connected in series wi th 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 
Ion 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. A t 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 

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. W e 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 

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. 

Wi th its t w o rings of supercon
ducting magnets, the RHIC collider 
will be the final link in Brookhav-
en's chain of heavy ion accelera
tors. Ion 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 f ixed-
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 (ICK13) of each other. 

range of ion species, f rom protons 
up to the heaviest available. Para
meters are optimized for experi
ments wi th 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 addit ion, RHIC will be 
able to operate over a wide range 
of collision energies, f rom those 
provided by the AGS upwards. The 
luminosity for maximum energy 
gold beams will be 2 x 1 0 2 6 per sq 
cm per s, while proton beams of 
up to 250 GeV will give luminosi
ties of about 1 0 3 1 . Mixed collisions 
(eg protons on gold) will also be 
possible. 

The t w o interlaced rings of the 
collider will cross six t imes. Four 
experimental areas will be used ini
tially, wi th the remaining t w o 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 
wor ld . 

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 
wi th 288 required are by far the 
largest cost i tem. The dipole de
sign fol lows 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. 

CERN Courier, Apri l 1990 17 



Physics monitor 

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 wi th 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 t w o 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 
f rom 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. 

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 1 0 3 3 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 wi th CCD sys
tems (the latter being employed by 
the UA2 collaboration at CERN's 
proton-antiproton collider - June 
1987, page 9). 

Wi th the ceiling of CCD opera
tion typically 1 0 5 Hz (10 microse
conds between events) and an 
overall collider event rate of 1 0 8 

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 Italian-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 wi th specialists f rom Japa 
nese industry, uses position-sensi
tive photomultiplier tubes with pi
pelined electronic readout. 
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