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Brookhaven Alternating Gradient
Synchrotron
(AGS) peak intensity record. The intensity has
increased largely through hardware
improve
ments such as negative hydrogen ion injection,
Booster injection, and AGS upgrades.
The average operating intensity is only 5 or 10
percent below the peak intensity.

transition. While visually dramatic
and technically fascinating, these
oscillations themselves have no
present effect on the beam intensity
but the underlying phenomena
causing them is expected to limit
further increases until it is removed.
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intensity for a proton synchrotron of 4
x 1 0 ppp, using four booster pulses.
Reaching the design intensity was
scheduled for 1995.
In 1994, the AGS had seemed to be
solidly limited to 4 x 1 0 ppp, but in
1995 the operations crew, working on
their own in the quiet of the owl shift,
steadily improved the intensity,
regularly setting new records, much
to the bemusement of the machine
physicists. The physicists, however,
did contribute. A second harmonic
radiofrequency cavity in the booster
increased the radiofrequency bucket
area for capture, raising the booster
intensity from 1.7 to 2.1 x 1 0 ppp.
In the AGS, new radiofrequency
power supplies raised the available
voltage from 8 to 13 kV, greatly
enhancing the beam loading capabili
ties of the system. A powerful new
transverse damping system success
fully controlled instabilities that
otherwise would have destroyed the
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beam in less than a millisecond.
Also in the AGS, 35th harmonic
octupole resonances were found.
The fringe field of the extraction
septum magnet, which is operated dc
to reduce mechanical stresses,
contributes about half of the strength
of these resonances. A full octupole
correction system will be installed,
but meanwhile two very small
octupole magnets were available and
fortunately reduced the losses until
the design goal could be reached.
The accompanying 'mountain
range' figure shows what is taken to
be the next intensity limit. The
picture starts shortly before transi
tion, with smooth and uniform
bunches. After transition quadrupole-mode bunch oscillations de
velop for the protons within the
radiofrequency bucket. These
oscillations result from the rapid
changes that must be applied to
carry the beam cleanly through

he new colliding beam technique
- "bunch trains" - at Cornell's
electron-positron Storage Ring
(CESR) has led to a new world
record for colliding beam luminosity 3.3 x 1 0 cm- s .
In the bid to increase reaction rate
for any particular process, this
luminosity is pushed as high as
possible. Once all other luminosityincreasing cards have been played,
the only practical way of making a
large gain in luminosity is to increase
the frequency of bunch-bunch colli
sions by increasing the number of
bunches stored in the ring.
However this is not without its own
problems:
• If the two beams travel the same
orbit, the n bunches in one beam
collide with the n bunches of the
other at 2n points around the ring,
and the resulting cumulative
nonlinear beam-beam effect (tune
shift) severely limits the luminosity
attainable at any interaction point.
• The destabilizing wakefield effects
of bunches on each other increase
as the number of bunches increases
and the spacing between them
decreases.
• The synchrotron radiation emitted
by the beams becomes a severe
problem as the total beam current is
32
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CESR luminosity history on March 22, when
CESR provided a new record integrated
luminosity of 18 pb .
1

raised: to overcome these effects
means supplying radiofrequency
power to maintain the beam energy,
carrying away heat from the vacuum
chamber walls, pumping out
desorbed gases, and controlling Xray backgrounds in the experiment.
In 1979, CESR was designed to run
with a single bunch of electrons and
a single bunch of positrons circulat
ing on the same orbit and colliding
head-on at two diametrically opposite
points in the ring, where the CLEO
and CUSB experiments were then
located.
Ideally one could store multiple
bunches and solve the multiple
collision point problem by using
separate rings for the two beams, as
in the CERN ISR proton-proton
collider and in the original DORIS
two-ring configuration at DESY,
Hamburg, making the two beams
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intersect only at the experiments.
A less expensive version of this
two-ring scheme was accomplished
at CESR in 1983, using 'pretzel'
orbits in a single ring. The electron
and positron orbits were oppositely
deformed by electrostatic fields into
scalloped trajectories that missed
each other by about a centimetre
wherever unwanted bunch-bunch
collisions would otherwise have
occurred.
This eventually allowed 9 bunches
(separated by 280 ns) in each beam
to collide only at a single point in the
middle of the CLEO experiment (the
CUSB experiment had been com
pleted) to give a peak luminosity of
2.9 x 10 at a beam energy of 5.3
GeV, more than four times the CESR
design luminosity for that energy and
a world record for colliding beams.
The pretzel scheme has since been
32

successfully adopted at Fermilab's
Tevatron proton-antiproton collider
and at CERN's LEP electron-positron
ring (October 1992, page 17).
The two CESR beam orbits coin
cided in the region between the
electrostatic separators closest to the
CLEO interaction point, providing
head-on collisions as in the original
CESR design. Thus to avoid multiple
interaction points, the spacing be
tween successive bunches had to be
greater than the distance between
the separators, hence the maximum
of nine bunches per beam.
This barrier has now been broken,
thanks to a suggestion by Cornell
accelerator physicist Robert Meller.
In the new configuration, the beams
cross at a small horizontal angle (± 2
milliradians) at the interaction point.
Because the orbits diverge from the
crossing point, successive bunches
can avoid each other on either side
of the interaction point.
Such a crossing scheme was tried
in the original DORIS two-ring elec
tron-positron collider, with unsatisfac
tory results. The sideways beambeam interaction excited synchrobetatron resonances that limited the
luminosity. An analysis of the DORIS
experience indicated that these
effects are worse when the product
of crossing angle and bunch length is
more than the bunch width.
Experience with the rather small
angle of the new CESR configura
tion shows no significant degradation
of luminosity due to synchro-beta
tron resonances. In the first trials of
18 bunches per beam, the peak
luminosity has increased to the
record level of 3.3 x 10 . The 18
bunches travel in 9 bunch trains,
each train consisting so far of 2
bunches 28 ns apart. An important
factor in this success was a fast
feedback system to counter the
32
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Seeking a Real-Time S y s t e m
for D a t a C o l l e c t i o n , T r a n s m i s s i o n ,
D i s t r i b u t i o n a n d P r o c e s s i n g o v e r VME ?

PowerPC Processor Boards;
•
•
•
•
•
•
•

PowerPC 603 at 66 MHz up to 604 at 100 MHz
Optimized for Real-Time operation
L2 cache / Block Mover Accelerator
Sophisticate Interrupt structure
1 or 2 PMC slots
Software support for VME, VIC, FDL, CAMAC, FASTBUS
VxWorks, Lynx-OS

Fast Data Link (FDL):
•
•
•
•
•

Easy to program intelligent peer-to-peer network
Fast: 100 Mbytes/s (local 50 Mbytes/s VME transfers)
Multidrop: 1 5 nodes copper, 225 nodes fibre, full duplex
Deterministic: 1 JJS guaranteed response time
Autonomous transfer operations

PMC Mezzanines:

Vme Intercrate Connection (VICbus):

The most performant mezzanine standard
• VSB master 40 Mbytes/s
• ATM 155 Mbits/s
• FDDI Single Attachement
• SVGA
• HP 16500 Logic Analyzer

•
•
•
•
•

Best combination between speed and ease of integration
Transparent memory mapped remote resources
Connects up to 31 crates or workstations on 100 m
Interfaces to VME, CAMAC, FASTBUS, Macintosh, PC,
SUN, ...
Up to 1 2 Mbytes/s low-latency data transfers

CES, at the leading edge in Real-Time systems conception
Visit CES on WWW a t h t t p : / / w w w . c e s . c h / C E S _ i n f o / W e l c o m e . h t m l
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The time structure of bunch trains at Cornell's
CESR electron-positron collider observed in
the CLEO time-of-flight counters. Each of the
9 trains contains 2 bunches separated by
28 ns.

multibunch instabilities. Further
progress in increasing the number of
bunches depends on measures to
overcome the increased synchrotron
radiation power. Some of these
problems will be dealt with in the
coming few months while CESR is
shut down for upgrading. When the
storage ring resumes operation in the
fall, the Cornell accelerator physi
cists expect to push to new luminos
ity records using 9 trains of 3
bunches. The CESR Phase III
upgrade, scheduled for completion in
1988, will make it possible to utilize 5
bunches in each of the 9 trains,
providing a further increase in lumi
nosity (CERN Courier, December
1993, p. 22). Since progress in heavy
quark and lepton physics at CESR
has always been paced by available
collision rates, this should open up
new opportunities in the CESR
experimental programme.
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establishment of separated orbits of
opposing, many-bunch, particle
beams. This work has enabled the
Cornell Electron Storage Ring
(CESR) to achieve record
luminosities for electron-positron
storage rings; the concept has been
adopted, equally successfully, at the
other major high energy facilities of
the world."
The 1995 APS award for Outstand
ing Doctoral Thesis research in
Beam Physics goes to Dun Xiong
Wang for his experimental and
theoretical investigations in longitudi
nal beam dynamics. A native of
Shanghai, Dun Xong Wang came to
the US to pursue graduate studies at
the University of Maryland at College
Park, receiving his PhD in 1993.
Since September 1993, he has been
a staff scientist at CEBAF in Newport
News, Virginia, working in the Accel
erator Performance Group and on
the coherent synchrotron radiation
detection project.
American Physical Society
recognition

beams

Prestigious prizes recently awarded
by the American Physical Society
(APS) include the Robert R. Wilson
Prize and the The Outstanding
Doctoral Thesis in Beam Physics
prize, both awarded at the 1995
Particle Accelerator
Conference,
1-5 May, in Dallas, Texas.
Established in 1986, the Wilson
Prize recognizes and encourage
outstanding achievement in the
physics of particle accelerators, and
is awarded this year to Raphael M.
Littauer of Cornell: Tor his many
contributions to accelerator technol
ogy, in particular his innovative
conception and implementation of a
mechanism to provide multifold
increases in the luminosity of singlering colliding beam facilities by the

CERN
Bunch trains at LEP

F

ollowing two years of very suc
cessful running with its pretzel
scheme (October 1992, page 17),
CERN's LEP electron-positron
collider started up this year with a
completely new configuration. To
boost luminosity still further, this
designed to allow operation with four
trains of up to four bunches of parti
cles per beam.
Both the pretzel and the bunch train
schemes increase the number of
bunches (beyond the original four) by
separating the orbits of electrons and
positrons in places where the addi-
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tional bunches pass by the others.
Although the whole point of LEP is to
collide beams, any unproductive
collisions away from the experiments
are to be strenuously avoided: the
beams can only stand so much
beam-beam interaction.
Without additional investment in the
detectors and because of features of
the initial (room-temperature)
radiofrequency system, the pretzel
scheme was limited to eight bunches
per beam, evenly spaced around the
ring. The long-range horizontal
pretzel separation bumps in the arcs
were replaced by short vertical
bumps on both sides of each experi
ment. These create a few locations
where bunches can pass each other
with the relative impunity of the
residual beam-beam force between
well-separated beams.
The scheme at Cornell's CESR
collider exploits a crossing angle to
substitute a train for each bunch
allowed by the pretzels. The LEP
scheme, on the other hand, does
away with the pretzel separation and
has no crossing angle at the interac
tion point. In all these schemes, the
beams are separated by electrostatic
separators.
In the LEP pretzel scheme, complex
residual effects in the arcs of the
machine limited the single-bunch
current. However the currents at 20
GeV injection were much more than
could be collided at the Z resonance.
The main motivation for the change
to bunch trains was the expectation
that the limits at injection would be
less severe, allowing higher singlebunch currents for LEP2.
At the higher LEP2 energies, the
beams become stiffer and beambeam effects will be weaker. The
total beam current will instead be
limited by the radiofrequency power
required to compensate the energy
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lost by synchrotron radiation. Maxi
mum luminosity will be attained by
packing the current into as small a
number of bunches as possible.
Although four fat bunches would be
ideal, eight is likely to be the practica
ble optimum.
Following an encouraging test at
the end of 1994, LEP was started up
in April with the full bunch train
configuration. Initial operation was
hampered by mishaps related to
hardware and electricity supply and it
took time before the operations
crews and accelerator physicists had
any opportunity to confront the
complexities of the actual bunch train
scheme. For the rest of this year, it
has been decided to run with four
trains of three bunches, and to do a
precision energy scan around the Z.
With LEP's role as a precision
machine, there has been a rush of
theoretical activity which is helping to
understand some newly discovered
consequences of residual beambeam effects and the separation
bumps. The combination of the two
unleashes a cause-and-effect cas
cade of subtle differential effects
between bunches in a train. Colli
sions involving different bunches in
the trains can have different distribu
tions of centre-of-mass energies.
Substantial progress has already
been made to compensate for these
effects.

TRIUMF
Five-year plan

T

he Canadian government re
cently announced approval of a
five-year-plan for TRIUMF, giving the
Vancouver Laboratory assured
funding until the year 2000. Besides
continuation of the multidisciplinary

science programme at the 500 MeV
cyclotron, this will allow construction
of ISAC-1, a new on-line isotope
separator. At the same time,
TRIUMF will also be responsible for
Canadian "in-kind" contributions to
international science at CERN's LHC
proton-proton collider (see page 1).
The federal plan strengthens
TRIUMF's role as a national facility,
run by a consortium of universities
across Canada. In addition, TRIUMF
will have even stronger international
links.
The federal government has allo
cated a total of $166.6 million to
TRIUMF over the next five years. In
addition, the provincial British Colum
bia government, a long-time sup
porter of TRIUMF, has already
agreed to provide approximately $10
million for conventional construction.
The nature of the accelerator
contributions to the LHC has not
been finally decided, although two
areas are under discussion - the
upgrade of the accelerator chain, and
construction of the two 'beam clean
ing' insertions. The former would
involve provision of various new
systems (radiofrequency, magnets,
power supplies, kickers, etc) for the
Booster, PS and SPS synchrotrons;
indeed activity is already underway in
some areas, such as model studies
for a new 40 MHz system for the PS.
The acronym of the new facility,
ISAC-1, is short for Isotope Separa
tor & Accelerator. A prototype first
stage already exists in TRIUMF.
ISAC-1 will use the intense proton
beam from the TRIUMF cyclotron to
create powerful beams of exotic,
short-lived, radioactive nuclei which
will be accelerated in a new struc
ture.
The facility will be of interest to an
international community of
astrophysicists, who will be able to
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