
The Fermilab antiproton complex, showing 
recent improvements. 

1994 shutdown period, enabling the 
1994 physics run to make use of the 
full Booster intensity and go for the 
stated AGS objective of 4x10 1 3 

protons per pulse. 

FERMILAB 
More antiprotons 

The excellent performance of the 
Fermilab antiproton complex during 
the recent Collider run and its future 
potential are the cumulative result of 
many improvements over the past 
few years, ranging from major 
projects like upgrading the stack-tail 
stochastic cooling system in the 
Accumulator to minor improvements 
like automating tuning procedures. 

The antiprotons are created when 
the 120 GeV proton beam from the 
Main Ring hits the target. A good 
target should have high yield of 
antiprotons, should not melt, and 
should not crack due to shock waves. 
The old copper target has been 
replaced by a new one made of 
nickel. The yield into the Debuncher 
is 2 x 10 5antiprotons/proton. While 
this is only marginally better than for 
copper, the nickel target has high 
melting point energy (1070 J/g) and a 
low rate of increase in pressure with 
deposited energy, making it the 
target of choice for the proton 
intensities expected in the Main 
Injector era (June, page 10). 

Of the broad spectrum of all kinds 
of secondaries, only a tiny fraction 
are 8 GeV antiprotons. The 8 GeV 
negative charge secondaries are 
bent through 3° by a new pulsed 
magnet. Instead of a 200-turn mag
net with coils separated by epoxy as 
in the past, the new magnet has one 
turn carrying 45.5 kA of current. This 
single turn pulsed magnet uses 

radiation hard ceramic and is much 
more robust. 

From the transfer line the "hot" 
antiproton beam enters the 
Debuncher ring where its energy 
spread is greatly decreased at the 
expense of lengthening the bunch 
with the help of an RF manipulation 
called bunch rotation. In addition, the 
beam is stochastically cooled both in 
the transverse plane and in momen
tum. All this has to be accomplished 
within 2.4 seconds, when a new "hot" 
pulse arrives. 

Hot beam means large beam size 
and large beam losses. The aperture 
of the Debuncher ring has been 
significantly increased by enlarging 

the physical aperture of all the 
stochastic cooling kickers by about 
15 mm, as well as by centering the 
cooling arrays, Schottky pickups, and 
the vertical damper pickup on the 
beam. With the larger aperture, more 
"hot" antiprotons arriving in the 
Debuncher will survive for enough 
turns to be stochastically cooled and 
transferred into the Accumulator ring. 

Once in the Accumulator, the 
antiproton beam is cooled by a 
complex stochastic cooling system 
consisting of the stack-tail and two 
core cooling systems. The 1-2 GHz 
stack-tail system moves the beam 
from the injection orbit toward the 
core while betatron cooling improves 
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Washington Accelerator 
Conference 

At the Washington Particle Accelerator 
Conference, John Blewett gave the 
R.R. Wilson Prize Lecture - "Adventures with 
Accelerators". 

the beam's transverse emittance. 
The core is the final beam destina

tion in the Accumulator and the 2-4 
GHz core cooling system ensures as 
large a stack as possible within a 
small momentum spread. Transverse 
core cooling is accomplished with a 
4-8 GHz system. Finally, before 
unstacking, the stack-tail system is 
turned off and the second (4-8 GHz) 
core momentum cooling system 
comes into action, cooling the core to 
even higher density. The stack-tail 
momentum cooling system has been 
upgraded with new cooling kicker 
arrays. 

The Accumulator's ion clearing 
system has been upgraded and can 
apply 1 kV at 139 points around the 
ring. Each of the six accumulator 
sectors is further divided into 10 
sections with current monitoring for 
each section, handling current from 
20 pA to 10 nA. The ion clearing 
system increased maximum achiev
able longitudinal core densities by 
more than a factor of two: removing 
the ions allowed the 4-8 GHz core 
momentum cooling system to cool 
the core to unprecedented densities 
without causing any instability. 

The latest hardware addition to the 
Accumulator is the quadrupole 
pickup with associated electronics, to 
observe quadrupole oscillations from 
the mismatch between the accumula
tor and transport lines. This should 
improve Accumulator to Main Ring 
transfer efficiency. 

Finally the unstacking of the 
antiproton beam has been greatly 
improved through the increased core 
density and other maneuvres. 

Many other small improvements 
enabled the operations crew to more 
easily and quickly tune Accumulator 
and Debuncher parameters and 
improve performance. 

From Vladimir Visnjic 

Highlights of the 1993 Particle 
Accelerator Conference, held in 
Washington in May, were picked out 
in the previous issue (page 18). 

Talks on the big hadron colliders 
reflected the sea-change in the 
accelerator world where the scale, 
complexity and cost of the front-line 
projects has slowed the pace of 
developments (not unlike the scene 
in particle physics itself). 

Speaking before the anti-SSC vote 
in the House of Representatives in 
June, Dick Briggs reviewed the 
situation at the SSC Superconducting 
Supercollider in Ellis County, Texas. 
The linac building is near completion 
and the Low Energy Booster will be 
ready to receive components early 
next year. Tunnelling for the Main 
Ring is advancing rapidly with four 
boring machines in action. Five miles 
of tunnel have been completed since 
January and the pace has now 
stepped up to nearly a mile each 
week. The superconducting magnet 
news is good. Following the success
ful initial string test of a half cell of the 
magnet lattice, a two-ring full cell with 
all associated services is being 
assembled. The mechanical robust
ness of the magnet design was 
confirmed when a dipole was taken 
to 9.7 T when cooled to 1.8 K. In the 
Magnet Test Lab itself, ten test 
stands are installed and equipped. 

Preparations for the LHC project in 
CERN's 27-kilometre LEP tunnel 
were covered by Giorgio Brianti. 
Refinement of the high-field, two-in-
one magnet design continues and 
four industrial consortia are building 
seven 10-metre magnets. A field of 
8.7 T corresponds to a collision 
energy of 14 TeV. A string test of a 
half-cell (50 m) of magnets is being 
prepared and should be ready next 
year. There has been encouraging 
news for the additional areas of 
physics accessible to the LHC; the 

electron-proton option looks rosier 
following the excellent start at HERA 
and the ion-ion option looks more 
attractive after investigations of the 
use of LEAR as an ion accumulator. 
The present schedule hopes for 
project approval in 1994 (which is 
important for the detector collabora
tions to establish their funding and 
get their work underway) and the 
machine could then be commis
sioned from the year 2000. It is now 
intended that operation of LEP 200 
for electron-positron physics will be 
complete before the LHC is installed. 

A similar end-date was anticipated 
for the SSC but indications on the 
likely funding profile imply stretching 
out construction to 2003. Govern
ment scrutiny has reopened in 
Washington and the pros and cons of 
full international collaboration in the 
project is a major theme in the 
debate. The present fashion for 
short-term economic yields is not 
aligned with the goals and timescales 
of particle physics research. 

Paul Horn from IBM confronted this 
at the Conference in a talk entitled 
"Should society fund large accelera
tors for national industrial competi-
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