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Fed by the Booster, the Brookhaven AGS 
Alternating Gradient Synchrotron is producing 
record intensities. The cycle plot shows how 
the intensity goes up in four steps as succes
sive Booster bunches are injected at 200 
millisecond intervals. As the intensity 
increases, losses also increase. Transition 
losses appear at 1.1 seconds. After accelera
tion to 24 GeVthe beam is extracted at a 
uniform rate for 1 second. 

matched. 11 events corresponding to 
tin-100 were seen in a 44-hour run. 
Other new neighbouring isotopes 
(palladium-92 and -93, indium-99, 
antimony-104) were also identified. 

The experiment involved physicists 
from Warsaw, JINR Dubna, Orsay, 
Bucharest, GSI Darmstadt, Gottingen 
and Leuven as well as GANIL. For 
future studies, the production rate will 
be boosted by increasing the primary 
beam intensity and the acceptance of 
the Alpha spectrometer. 

BROOKHAVEN 
AGS improvements 

The new Booster - AGS Alternating 
Gradient Synchrotron complex is 
providing beam while machine 
development to enhance perform
ance also progresses, so far on 
schedule. In 1991 the Booster 
turned on and performed as re
quested - attesting to a successful 
construction and quality control 
programme. 

In 1992 beam was provided to 
users while the Booster met most of 
its operational goals - falling slightly 
short of its proton intensity goal of 0.5 
x 10 1 3 protons per pulse (ppp). This 
would have been inconsequential 
except that the Booster intensity 
seemed to be hitting a fairly solid 
brick wall of undetermined origin. 
Since the goal for 1993 called for a 
doubling of the intensity, the situation 
seemed serious enough to schedule 
three months (February - April 1993) 
for Booster development. 

In 1993 all the Booster systems 
were scrubbed and polished until 
they gleamed. Each procedure was 
meticulously carried out, docu

mented, recorded, and cross
checked, and every known skill and 
art was applied. This resulted in a 
modest 25% gain, but the brick wall, 
while shifting a bit, remained. 

Meanwhile a small group continued 
to map the stopbands, a programme 
started one year earlier. A month of 
careful stopband measurement and 
correction produced another modest 
25% gain. 

Refusing to admit defeat, further 
stopband measurements revealed a 
surprise problem with skew sextupole 
fields. There are no skew sextupoles 
in the Booster and any skew 
sextupole errors were expected to be 
small and have no effect on the 
beam. 

The fields were small but turned out 
to have an unexpectedly large effect. 
The problem was corrected by 
winding four small skew sextupoles 
on existing correction magnets, 
giving a further gain of 25%. Overall 
the stopband corrections raised the 
Booster intensity from 0.65 x 10 1 3 to 
1 .0x10 1 3 protons per pulse, and the 
machine is performing just as the 
books say it should. 

With the Booster operating at this 
level (peak performance was 1.2 x 
10 1 3 ppp), it was possible to inject 

four Booster pulses into the AGS and 
accelerate an AGS record 2.5 x 10 1 3 

ppp to extraction, easily exceeding 
the goal for the year of 2.2 x 10 1 3 . 
(The previous AGS record had been 
1.9x 10 1 3 f rom 1986.) 
The AGS is limited to 2.5 x 10 1 3 

ppp by the available radiofrequency 
power. In a major upgrade, new 
power amplifiers are being installed 
for ten radiofrequency cavities which 
should more than triple the AGS 
capabilities. Another major new 
system to enable the AGS to jump 
rapidly through transition is also 
being installed. 

For the heavy ion programme the 
Tandem-Booster-AGS complex 
operates fairly straightforwardly. In 
1991 it accelerated silicon ions, and 
in 1992 increased the silicon intensity 
by a factor of ten to 9 x 10 1 0 ions per 
pulse (ipp), and accelerated gold 
ions. In 1993 it accelerated gold with 
a factor of ten gain in intensity to 3 x 
10 8 ipp. 

In sum the Booster-AGS complex 
met its goals for 1993. With the 
major upgrade of its radiofrequency 
system the AGS should meet its 
1994 intensity goals of 4 x 10 1 3 ppp 
using the Booster at its present 
intensity. Also scheduled for this year 
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is a Booster proton intensity of 1.5 x 
10 1 3 ppp. This will call for a steady 
accumulation of many small improve
ments, but must be accomplished to 
meet the AGS goal of 6 x 10 1 3 pro
tons per pulse in 1995. For 1996 an 
order of magnitude increase in the 
intensity of the gold beam is the 
objective. 
From Ed Bleser 

netic field were input to computer 
simulation of beam performance 
which showed that the "field quality" 
of both magnets were well within 
tolerances needed for collider opera
tion. Both quench performance and 
field quality of these first two mag
nets indicate their suitability for 
installation in the RHIC tunnel. 

The first phase of the contract 
between Brookhaven and Northrop 
Grumman calls for 30 dipoles and 10 
quadrupoles to be delivered this 
year. Eventually, 373 dipoles and 
432 quadrupoles will be produced by 
Northrop Grumman for RHIC. Instal
lation in the tunnel is scheduled to 
begin in 1995. 

The Grumman-Brookhaven collabo
ration began in June 1992, with the 
signing of the single largest RHIC 
construction contract. The process of 
technology transfer was begun when 
Northrop Grumman engineers and 
technicians participated in the as
sembly and test of the last two 
preproduction dipoles at Brookhaven. 

Following that, many physicists, 
engineers, and technicians from the 
RHIC Magnet Division travelled 
regularly to Northrop Grumman to 
work with their counterparts in the 
development of tooling needed for 
magnet manufacture and for consulta
tion during the assembly process. The 
RHIC magnets represent the first 
example within the United States of 
large scale industrial production of 
superconducting accelerator magnets. 

DUBNA-
GRAN SASSO 
Satellite computer link 

In April a 64 kbit/s computer commu
nication link was set up between the 
Joint Institute for Nuclear Research 
(JINR), Dubna (Russia) and Gran 
Sasso (Italy) Laboratories via nearby 
ground satellite stations using the 
INTELSAT V satellite. 

Previously the international commu
nity of Dubna's experimentalists and 
theorists (high energy physics, 
condensed matter physics, low 
energy nuclear and neutron physics, 
accelerator and applied nuclear 
physics) had no effective computer 
links with scientific centres world
wide. 

Now Dubna physicists get a power
ful computer line to the European 
HEPNET, including CERN as main 
node, important for effective partici
pation in major experiments where 
JINR physicists are involved - Delphi, 
Obelix, and SMC as well as the 
emerging LHC collaborations. In the 
reverse direction, the link benefits the 
close scientific collaboration of Italian 
INFN groups not only with Dubna but 
also with Moscow, Novosibirsk, 
Serpukhov etc. 

The establishment the line resulted 
from an agreement between former 
INFN President N. Cabibbo and JINR 
Director V. Kadyshevsky signed at 
the end of 1992. 

Dubna is highly suitable as an entry 
point for Russia and other JINR 
member-states because of the 
nearby major Russian PTT ground 
satellite communication station. This 

The first dipole magnet for the RHIC heavy ion 
collider arrives at Brookhaven. 

First RHIC magnets 
successful 

Manufactured by Northrop Grumman 
Corporation, the first dipole for the 
Relativistic Heavy Ion Collider (RHIC) 
heavy ion collider was delivered to 
Brookhaven on May 2, and success
fully cold tested (at 4.6 K) on May 9. 

Approximately one month prior to 
this important RHIC milestone, a 
quadrupole cold mass (coil and yoke), 
also made by Northrop Grumman, 
had undergone successful test. The 
quadrupole will later become part of a 
so-called CQS package - an assem
bly which also includes sextupole 
and trim "corrector" windings. 

The operating current of 5000 A 
corresponds to a field of 3.46 T in the 
dipole and a gradient of 71.2 T/m in 
the quad which in turn translate to 
100 GeV per nucleon for gold ions. 
Precise measurements of the mag-
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