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A Report from ACFA
Nan Phinney, Dave Burke, Tor Raubenheimer

The ACFA Linear Collider Symposium was held
February 12 at the Epochal Conference Center
in Tsukuba, Japan. It was attended by more
than 300 participants from around the world,
including representatives from the major HEP
laboratories, from the other ACFA member
nations, and from Japanese universities,
industry and government ministries. The
symposium was scheduled just prior to the
February meeting of ICFA at KEK to facilitate
participation.

As stated on the symposium
announcements, “The objective of this
symposium is to explore the scope of the
ACFA Linear Collider Project: Scientific
challenges, overall design of the project
including accelerator technology, cost, site
and organizational aspects, and a road map
towards realization of the project.” The
program covered all of these topics and
included a series of presentations on the
viewpoints of the US, Europe, DESY, various
ACFA countries and Japanese industry. The
complete program and copies of the talks will
be available at http://conference.kek.jp/
acfalc/. A draft of the JLC Roadmap Report
is available at http://Icdev.kek.jp/RMdraft/.

The KEK director, Professor Sugawara,
opened the symposium with an introduction
to the JLC project. This was followed by
excellent overview talks on the physics
opportunities by Y. Okada and on the
accelerator design by K. Yokoya, both of
KEK. The baseline JLC design is almost
identical to that for NLC. The main linacs use
X-band technology and are long enough to
eventually reach 1 TeV in the center of mass,
but are initially only half filled with rf
accelerating structures. A fallback option is
to use C-band technology up to perhaps 300
GeV for the first stage and then later use X-
band to fill the rest of the tunnel length.

The JLC Site Study Group formed in
September 2001 has identified eight
candidate sites in Japan with appropriate
geology and an additional four sites of
interest because they are in designated R&D
areas. These were presented by A. Enomoto
of KEK along with a description of the facility
which, like the NLC, will include a parallel
equipment tunnel for klystrons, modulators,
etc. to enhance reliability.

The JLC Globalization Group formed in July
2001 has recently issued a report describing
how the JLC might be organized as a truly

global facility. This report is also available at
the second link given above. Of the possible
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organizational models, they recommended
creation of a new international laboratory in
Japan to facilitate the long-term commitment
of participating partners and the open and
transparent management structure they felt
was required. S. Yamada of KEK described a
possible organizational model for a Global
Linear Collider Center (GLCC) and a
roadmap of pre-GLCC steps which could
lead to construction of a collider starting in
2007 with first physics running in 2014.

The Linear Collider Forum of Japan is a
collaboration between Japanese industry and
the academic community established in
October 2002 “to accelerate the JLC
Project.”s N. Ozaki, the Secretary General of
the Forum, gave a very informative talk on
the perspective of Japanese industry. In
previous Japanese accelerator projects,
industry has been actively involved from the
earliest stages of project planning through
installation and commissioning. Japanese
industry sees accelerator construction as an
opportunity for technological innovation and
possible commercial spin-offs. Ozaki
emphasized that industrial collaboration is
enhanced by continuous steady investment
and urged an early start to the JLC project.
He also stressed the importance of
international industrial involvement and
described Forum plans to contact industries
from other countries.

The US and European activities towards
linear colliders were presented by M. Tigner,
chair of the US Linear Collider Steering
Group (USLCSG), and B. Foster, chair of
ECFA. The US Physics and Detectors
Subgroup and the American Linear Collider
Physics Group (ALCPG) are developing a
set of specifications for a US linear collider
project. In parallel, the US Accelerator
Subgroup is developing models for a US
superconducting linear collider based on the
TESLA design and a US normal conducting
design based on the JLC-X/NLC design
which both satisfy the requirements specified
by the USLCSG and the ALCPG. This will
form the basis for a comparison with the
NLC design based on X-band rf. At the same
time, the European Linear Collider Steering
Group has created a subcommittee, chaired
by George Kalmus, to study the formation of
an international collaboration to construct a
linear collider. Finally, A. Wagner of DESY
also described the TESLA project and
commented on the recent German
government approval of the TESLA FEL.

The Asian perspective on a linear collider
project was given by several speakers. First
the 2002 Nobel prize winner, Professor M.
Koshiba gave a brief inspirational exhortation
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to work together for a common goal. D.
Bhawalker, the ACFA Chair, described
accelerator projects in India. W. Namkung
described the outlook for large science
projects in Korea. H. Chen discussed the
recent approval of the BEPC-Il upgrade and
outlined Chinese interest in contributing to
JLC. Lastly, G. Taylor described the small but
growing accelerator activities in Australia.

S. Komamiya from the University of Tokyo
gave a lively closing summary. He reiterated
the physics motivation for a linear collider,
described the JLC design and planning, and
spelled out the steps needed from now
through project completion. He included a
short animation showing how the tunnels
could be constructed using up to 10 boring
machines in parallel. He emphasized again
the Japanese commitment to building a truly
global facility with full international
participation and invited the worldwide HEP
community to join in making the Global
Linear Collider Project a reality.

NLC Damping Ring Developments

A. Wolski (LBNL), Jin-Young Jung (LBNL), K.
Kennedy (LBNL), M. Pivi (SLAC), T.
Raubenheimer (SLAC), I. Reichel (LBNL), K.
Robinson (LBNL), M. Ross (SLAC), S. de
Santis (LBNL), C. Steier (LBNL), M. Venturini
(LBNL), M. Woodley (SLAC), J.H. Wu
(SLAQC).

Reliable operation of the damping rings will be
crucial for the luminosity performance of any
linear collider. The principal function of these
systems is of course to reduce the transverse
and longitudinal emittances of the beams
produced from the sources, but the stability of
the extracted beam is also important, as are
the preservation of bunch charge and
polarization. Although the NLC damping rings
are similar to third generation synchrotron
light sources and to the ATF prototype
damping ring at KEK, the required perfor-
mance pushes many of the parameters
beyond what has so far been achieved with
any of these machines. The topics of present
study divide into single-particle dynamics, and
collective effects.

Since the average injected beam power will
be close to 60 kW, any significant loss of
particles in the damping ring will lead to an
intolerable radiation load. Strong
nonlinearities in the sextupole magnets and
damping wiggler limit the dynamical stability
of particles with large betatron and synchro-
tron amplitudes, and optimizing the lattice
design to maximize the dynamic aperture is a
significant challenge. Studies of the damping
rings have recently led to the development of



some interesting new techniques for modeling
the dynamics in the damping wiggler, and
comparison with wigglers on existing
machines have indicated that the 46 m of
2.15 T wiggler in the present ring design
should not be a problem. By contrast,
estimates over the past year of a range of
collective effects have indicated that a
number of effects studies are potential
limitations on the performance of the damping
rings. The problems stem from the relatively
high current, combined with the moderate
energy and small bunch dimensions. In
particular, the desire to keep the wiggler as
short as possible led to strong dipoles to
maximize the energy loss in the arcs,
resulting in a low momentum compaction and
a very short bunch length. As a result, the
safety margin below the microwave instability
threshold is narrow, and effects such as intra-
beam scattering (IBS) are rather strong.
There are also indications that the nominal
operating parameters would put the damping
ring close to, if not above, the threshold for
coherent synchrotron radiation.

Calculations suggest that IBS will lead to an
increase of the horizontal emittance above
the specified extraction value. However, the
damping rings will operate in a parameter
regime where the present theories of IBS
have not been fully verified. Data collected at
the ATF suggested that the effects could be
much stronger than previously thought.
Experiments at the LBNL Advance Light
Source (ALS) in 2001 did not support the ATF
results, but the measurements were not
conclusive since the coupling could not be
reduced to small enough values for IBS to
give significant effects. The ALS has recently
been upgraded with additional skew correc-
tors, enabling vertical emittances in the range
10 — 20pm to be achieved (the NLC Main
Damping Rings will need to reach down to 3.3
pm). Studies to measure the enhanced
effects of IBS in this regime have already
begun.

Even if IBS is no stronger than the theories
predict, some action is needed to mitigate its
effects. Bunch lengthening through the use of
third harmonic RF cavities has been consid-
ered, but looks like an unattractive solution
because of the large nonlinear phase
transients along the bunch train that are
introduced. An alternative solution is a lattice
redesign, to lengthen the bunch by raising the
momentum compaction. This has the
advantage of also raising the threshold for a
number of other collective effects that are
causing concern, such as the microwave
instability. In the last two months, some
intensive work has led to a promising lattice
design that raises the momentum compaction
a factor of four by reducing the field in the arc
dipoles. A longer wiggler must compensate
the reduced damping resulting from a smaller
energy loss in the dipoles, but the tools that
have been developed to model the dynamics
in the wiggler suggest that the new length of
over 60 m should still not be a limitation.
Some optimization is still required, but it is
hoped that the new lattice will soon be
integrated into the NLC baseline design.

The larger momentum compaction and longer
bunch length should also help raise the
threshold for the coherent synchrotron
radiation (CSR) instability. This is a phenom-
enon that has only begun relatively recently to
receive much attention, with observations of
infra-red radiation (scaling with the square of
the bunch charge) from beams at BESSY Il
and the ALS. Although some aspects of the
CSR that have been observed are in good
agreement with the theoretical models, the
effects on the beam are difficult to measure
and not completely understood. It is hoped
that further experimental study and modeling
will validate the new lattice design, in respect
of the larger momentum compaction raising
the CSR threshold to a safe level above the
planned operating regime.

Another potential serious limitation on the
damping ring performance comes from the
electron cloud instability, and here an
increase in the bunch length will not help. We
are hoping to prevent electron cloud build-up
in the positron rings by coating the vacuum
chamber with a material having a low
secondary electron yield (SEY), such as
titanium nitride. There has been some
positive experience with this approach in the
B-factories, but SEY measurements yield
widely varying results, depending on the
coating method and sample history. For this
reason, LBNL and SLAC are about to
collaborate in experiments to determine the
most appropriate coating and conditioning
techniques to achieve the necessary low SEY.

The Positron Predamping Ring, required to
reduce the large beam from the source to a
state suitable for injection to the Main
Damping Ring, is another important system
that has undergone recent lattice develop-
ments. The present design only meets the
specifications if the equilibrium beam is fully
coupled, and this leads to potential problems
for tuning. A promising alternative that is
being investigated is to enhance the trans-
verse damping by manipulating the damping
partition numbers. This is achieved using
horizontally offset quadrupoles. Since only
small offsets are required, the necessary
large physical aperture can still be maintained
with quadrupoles that do not appear particu-
larly demanding.

Demonstrating the low vertical emittance
required in the damping rings is one of the
primary goals for the next year. The
achievement of a vertical emittance below 5
pm is likely to come from the significant
experience with beam-based alignment that
has been gained at the ATF. The advanced
diagnostics developed at this important facility
will be essential for tuning the machine and
verifying the emittance through direct
measurement of beam sizes no larger than a
few microns.

BNL joins the NLC Collaboration and
the Linear Collider Community
Fulvia Pilat, BNL

In the last few months activity on Linear
Colliders has started at Brookhaven National
Laboratory. The initial interest originated from
the realization by Mike Harrison and Brett
Parker that superconducting magnet
technologies developed in the last few years
at the BNL Magnet Division could offer an
alternative design for the final focus doublet of
the NLC beam delivery system. A
superconducting final focus (FF) doublet opens
the possibility of a FF optics with variable optics
at the interaction point and that in turn triggered
the beginning of accelerator physics studies
in that direction. A small group whose affiliation
spans the Magnet, the Accelerator and the
Physics Divisions at BNL has started regular
meetings and work. | will report here on our
core activities and plans.

Technology for compact superconducting
IR magnets.

The BNL Magnet Division at BNL designed and
built interaction region magnets for the HERA
Upgrade (HERA-II) that met the challenge of a
very tight radial budget and a demanding field
quality. The same technology will also be
applied to the magnets for the BEPC-II
Upgrade and is being considered for a possible
PEP-II B-Factory luminosity upgrade.

The present solution for the NLC FF doublet is
based on permanent magnets and as a first
pass for an alternative SC solution, the same
basic parameters of 144 T/m gradient for a 10
mm aperture have been retained as
constraints. The preliminary design is very
promising and the overall features as well as
our testing plans have been presented at the
last NLC MAC Meeting in October 2002. The
key factor was to demonstrate that the winding
technology works for small radii. After an initial
successful test of a dipole winding with a coil
radius of 9.8 mm, a double layer quadrupole
winding test on a 20-mm support tube gave
the required confidence on the viability of this
technique. The next step in the R&D plans is
to build and test a full length 2-m prototype of
the NLC inner coil structure.

Figure 1 describes the cross section of the
proposed SC design for QDO, based on an
inner beam tube of 20 mm to be
accommodated into a outer 114-mm cryostat.
The total gradient of 144 T/m is obtained with
2 independent coil windings: an inner 5 double
layers single strand conductor generating 63
T/m adding to the 81 T/m provided by the outer
4 double layers of 7 strand cable.

Vibration and stabilization

It is well known that one of the technical
challenges of linear colliders in general and
NLC in particular is the stabilization of the FF
doublet, given the extraordinary sensitivity to
vertical offsets. Given that quadrupole
movements of ~10-°s cause beam movements
of ~0.5 s at the interaction point, stabilization
of FF focus doublet quadrupoles at the
nanometer level is necessary. Granted that this






Linear Collider Collaboration Notes
http://www-project.slac.stanford.edu/lc/ilc/
TechNotes/LCCNotes/Icc_notes_index_htm

LCC-0113, "The NLC Main Damping Ring
Lattice," Mark Woodley, Andy Wolski,
February 2003.

Il. Other Publications

Calendar of Upcoming Events
Conferences and Workshops of
Interest

15%" Workshop on Beyond the Standard
Model. 9-13 March 2003, Bad Honnef,
Germany, http://www/physik.uni-halle.de/
Fachgruppen/Theorie/gft/Bad-Honnef/

CHEP2003, the International Conference on
Computing in High Energy and Nuclear
Physics, 24-28 March 2003, Mandeville

Center, UCSD, La Jolla, CA, http;//
www.chep2003.org.

APS April Meeting, 5-8 April 2003, Philadel-
phia, PA, http://www.aps.org/meet/APRO3/.

Particle Accelerator Conference (PAC 2003),
Portland, OR 12-16 May 2003, http://mww-
conf.slac.stanford.edu/pac03/ or contact
Siemann@slac.stanford.edu.

IEEE/NPSS Real Time Conference, 18-23
May 2003, Montreal, Quebec, Canada, http:/
www-dapnia.cea.fr/rt2003/conf/comit.php

UCLC and American Linear Collider Work-
shop, Cornell University, Ithaca, NY.

29th ICFA Advanced Beam Dynamics
Workshop On Beam-Halo Dynamics,
Diagnostics & Collimation (HALO'03), 19-23
May 2003, Montauk, NY, http://www.c-
ad.bnl.gov/halo03/.

US Particle Accelerator School, 16-27 June
2003, UC Santa Barbara. NOTE: special two-
week course on Physics and Technology of
Linear Collider Facilities, N. Walker, A. Seryi,
P. Tenenbaum, A. Wolski principal lecturers.

Cornell Linear Collider Workshop, July 13-16,
2003 Cornell University, Ithaca, NY.

International Conference on High Enrgy
Physics (HEP2003), July 17 - 23, 2003
Aachen, Germany, http://
eps2003.physik.rwth-aachen.de/.

Lepton/Photon 2003, August 11-16, 2003,
Fermi National Accelerator Laboratory,
Batavia, lllinois, http://conferences.fnal.gov/
Ip2003/.

IEEE Nuclear Science Symposium and
Medical Imaging Conference (NSS/MIC 2003)
October 19-24, 2003, Portland, Oregon,
USA. http://www.nss-mic.org/



