
Prototype 9.7 metre superconducting dipole 
for Brookhaven's proposed RHIC heavy ion 
collider 

(Photo Brookhaven) 

BROOKHAVEN 
RHIC magnets 

Last year, Brookhaven's proposal 
for a Relativistic Heavy Ion Collider 
- RHIC - was scrutinized by the US 
Department of Energy and deemed 
to be ready for construction fund
ing. The hope is that the money 
will be voted soon so that con
struction can get underway at the 
start of the new US financial year 
in October. * (see page 28) 

The 3.8 kilometre RHIC tunnel 
was completed ten years ago for 
the doomed Isabelle/CBA proton 
collider project. For RHIC, Brook
haven's Tandem Van de Graaff and 
Alternating Gradient Synchrotron, 
together wi th an additional booster 
synchrotron now under construc
t ion, will provide a wide range of 
heavy ion beams for acceleration in 
the big ring up to 100 GeV per nu-
cleon. To head the project, Satoshi 
Ozaki, who left Brookhaven in 

1981 to oversee construction of 
the TRISTAN electron-positron col
lider at the Japanese KEK Laborato
ry, returns to the Long Island Labo
ratory. 

Research and development for 
RHIC has been in high gear since 
1987, when first funds earmarked 
for this work came in from the 
DoE, concentrating on the large su
perconducting magnets to hold the 
particles on course. Prototype full-
length 9.7-metre dipoles were con
structed several years ago, one at 
the Laboratory, the remainder at 
the West German plant of Brown 
Boveri (April 1987, page 21), and 
surpassed the nominal operating 
field of 3.45 tesla at 4.3 K. 

Since then a second series of 
these dipoles has been built and 
tested at Brookhaven, supported in 
their cryostats by vertical posts in 
compression, using an idea bor
rowed f rom the magnet design for 
the Superconducting Supercollider 
(SSC) project in Ellis County, Tex
as. Next milestone this year is con

struction and testing of a full cell of 
the RHIC ring, wi th t w o dipoles, 
quadrupoles, sextupoles and cor
rector magnets. The complete col
lider, wi th its t w o interlaced rings, 
would need 288 arc dipoles. 

In parallel, development work is 
pushing ahead for the detectors to 
monitor the collisions at RHIC's six 
beam crossing points (January/Fe
bruary issue, page 11). 

Colour transparency 
Thirty years ago Don Perkins, look
ing at the decay of very high ener
gy neutral pions into an electron, a 
positron, and a photon (Dalitz de
cays) in cosmic rays, and noting 
that the electron-positron pair gave 
relatively little ionization (signal) 
during the first tens of microns of 
path length, explained that the ioni
zation reflected the initial relative 
proximity of the positron and the 
electron. 

An electron-positron interaction 
vanishes if there is no separation 
between the charges. Only when 
the separation becomes compara
ble to the atomic scale does the ef
fect approach that of two indepen
dent charged electrons. So the ion
ization f rom very high energy elec
tron-positron systems produced 
very close together and remaining 
subatomic over many microns of 
path length can be used to meas
ure the size of the charge neutral 
system. 

A recent programme at the 
Brookhaven Alternating Gradient 
Synchrotron (AGS) is using the 
same principle to look at the basic 
hadronic interaction of hard elastic 
scattering, when the incoming par
ticles 'bounce' violently off each 
another. 

Calculations using quantum chro-
modynamics (QCD - the standard 

CERN Courier, March 1990 9 



TVM-3032 MC68030 VME/VSB 
- MC68030 I MC68882 
-4/16 Mbytes VME/VSB 3-ported RAM 
-in/out block transfer and data broadcast over the VMEbus 
-16x4 VME/VSB mailboxes and estensive multiprocessing 
support 

- on board EPROM/EEPROM 
-uses VTC's VIC068 VME chip 

TVM-580 32/64 Mb VME/VSB 
- 32/64 Mb dual-ported DRAM over VME/VSB 
- block transfer support 
- 4/8/16 Mb versions available 

TVM-760 VME/VSB high speed A/D 
-10 million 12 bit conversions/second 
- block transfer over VSB 

Tecnint has the solutions for the most advanced ap
plications at the right price. 
This means your budget can buy more boards than 
ever, without compromises. 

Call or write for a copy of our catalog. 

^ t e c n i n t 
Headquar te rs : 
VIA GERMANIA, 13 - 37136 VERONA - ITALY 
PHONE +39 45 8620183 - FAX +39 45 8620645 

Since 1st, of January new representat ive in CM and F l : 

M O D U L A T O R SA 
Konizstrasse 194 
3 0 9 7 Liebefeld-Bern 
T e l . : 0 3 1 / 5 9 2 2 2 2 Fax: 0 3 1 / 5 3 14 3 6 

Tecnin t R o m e : 
PHONE 06 2814 720 
FAX 06 2417 201 

Manufacturing Line 
- Cryogenic Valves 

(Vacuum Jacketed and also for 
Cold Box Mount ing, DN 2 - DN100) 

- Special Valves for 
Cryogenic Applications 
(Check-Valves, Pilot Cryogenic 
Valves etc.) 

- Bellows Sealed Valves 
(DN 2 - DN 100, up to PN 300) 

- Cryogenic Transferlines 
and Couplings 
(Bayonet or Johnston Coupl ings, 
Multi-Coaxial Coupl ings) 

- Space Cryogenic Fittings 
- Tailor made Cryogenic 

Components e.g. 
Cryostats and Ejectors 

Cryogenic Control Valve 
pneumatically operated with 

electro-pneumatic positioner 
and limit switches 

cold box mounting 

for further informations: 
WEKAAG 
Hofstrasse 8, CH-8620 Wetzikon, Switzerland 
Phone (0)1 932 23 02, Telex 875 744, Telefax (0)1 932 43 03 

or in USA and Canada: 

PROVAC LTD 
POB18411, Greensboro, North Carol ina 27419 
Phone (919) 282 6618, Telex 510 600 4853, Telefax (919) 288 3375 
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Marked variation in the transparency of alu
minium to large angle proton-proton scatter
ing, as seen by Brookhaven Experiment 834, 
showing the predictions of Glauber theory 
and of perturbative quantum chromodynam-
ics (PQCD). 

theory of the strong 'colour' force 
involving quarks and gluons) show 
that when t w o protons scatter 
elastically in hard collisions (large 
momentum transfer), the initial and 
final state protons can briefly 
shrink to much smaller size (going 
as the inverse of the momentum 
transfer) at the point of interaction. 
Thus the proton's tiny consti-
uents, including at least three 

quarks, can, albeit infrequently, oc
cupy a space smaller than the nor
mal proton diameter (1 fermi), be
fore expanding again, the cycle tak
ing place over a distance of many 
fermi. One explanation for the de
creasing level of elastic collisions 
as the interactions become harder 
is that such a fluctuation becomes 
increasingly improbable. 

To measure the size of the 
three-quark system involved in 
elastic scattering, the Brookhaven 
experiments study these processes 
in nuclear matter. Standard (pertur
bative) QCD calculations predict 
that in fixed angle quasielastic scat
tering (quasielastic because the tar
get proton is initially bound in a nu
cleus), the soft interaction of the 
initial and final state protons wi th 
nuclear matter must vanish at high
er energies. Just as the small 
charge-neutral electron-positron 
system does not interact wi th 
atomic matter, the small colour-
neutral three-quark system will not 
interact wi th nuclear matter. This 
suppression of initial and final state 
nuclear interactions has been 
termed 'colour transparency'. The 
relevance of (perturbative) QCD cal
culations to these hard elastic scat
tering processes has been contro
versial, however this experimental 
programme provides a method for 
sorting contributions to hard elastic 
scattering. By 'turning off' in this 
way the soft component of the 
proton-nucleus strong interaction, 

the protons or pions become com
petitive wi th electrons and muons 
as probes of interior structure. 

AGS Experiment 834 (Brookhav-
en/Minnesota/Penn State/SE 
Mass.) saw sharp changes in the 
transparency of aluminium and oth
er nuclei in proton-proton elastic 
scattering as the momentum was 
varied from 4.5 to 13.2 GeV, 
showing that the hard and soft 
components of the scattering do 
not change smoothly with momen
tum. 

To measure nuclear transparen
cy effects in hadron-hadron quasi-

elastic scattering at as high an en
ergy as possible, a new detector is 
being constructed for an experi
ment by a Brookhaven/Michi-
gan/Minnesota/Mt Holyoke/Penn 
State/SE Mass. team to achieve a 
sensitivity of one event in 4 x 1 0 1 1 

interactions for scattering angles 
near 90 degrees in the proton-pro
ton centre of mass). Designed to 
handle more than 2 x 1 0 7 interac
tions per second, it is expected to 
take its first data next year. 

From Steve Heppelman 
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