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Chapter 1
Overview
1.1 The Next Linear Collider
Recent studies in elementary particle physics have made the need for an e+e− linear collider able to reach
energies of 500 GeV and above with high luminosity more compelling than ever [1]. Observations and
measurements completed in the last five years at the SLC (SLAC), LEP (CERN), and the Tevatron
(FNAL) can be explained only by the existence of at least one particle or interaction that has not yet been
directly observed in experiment. The Higgs boson of the Standard Model could be that particle. The data
point strongly to a mass for the Higgs boson that is just beyond the reach of existing colliders. This brings
great urgency and excitement to the potential for discovery at the upgraded Tevatron early in this decade,
and almost assures that later experiments at the LHC will find new physics. But the next generation of
experiments to be mounted by the world-wide particle physics community must not only find this new
physics, they must find out what it is. These experiments must also define the next important threshold in
energy. The need is to understand physics at the TeV energy scale as well as the physics at the 100-GeV
energy scale is now understood. This will require both the LHC and a companion linear electron-positron
collider.

A first Zeroth-Order Design Report  (ZDR) [2] for a second-generation electron-positron linear
collider, the Next Linear Collider (NLC), was published five years ago. The NLC design is based on a
high-frequency room-temperature rf accelerator. Its goal is exploration of elementary particle physics at
the TeV center-of-mass energy, while learning how to design and build colliders at still higher energies.
Many advances in accelerator technologies and improvements in the design of the NLC have been made
since 1996. This Report is a brief update of the ZDR.

There are other technologies that could be used as the basis for the next generation of linear collider.
The DESY laboratory has submitted a design report [3] for a collider with a low-frequency superconduct-
ing rf accelerator. Both the NLC and the TESLA designs are extremely mature and have behind them a
strong experience base of operating accelerators and specialized test facilities. Both designs and technolo-
gies can be expected to reach center-of-mass (cms) energies of 500 GeV with high luminosity, but each
comes with its own risks, and each has its own connection to future colliders. Research and development
is underway on two-beam acceleration that could lead to a multi-TeV linear collider in the future [4]. This
is a high-frequency, room-temperature accelerator, which in many ways naturally extends the NLC tech-
nology.

The NLC is designed for optimal performance at 1-TeV cms energy, but with flexibility to begin
operation at 500 GeV and be upgraded to match the needs of physics as they evolve. Key areas and
systems are designed for energies above 1 TeV. The collider configuration is shown schematically in
Fig.1.1. It has been developed jointly with the groups of physicists studying the physics goals for the
collider  [5]. The beam sources and damping rings that make up the injector for the main linacs are
designed to meet specifications for 1.5-TeV collisions. Bypass lines along the main linac allow beams of
various energies to be transported to the experiments. The main-linac rf systems are capable of generating
250-GeV beams (500-GeV cms collisions) in one half of the tunnel length that is included in the initial
configuration. Upgrade to 1-TeV cms energy can be achieved by completion of the main linacs with
replicas of the rf components used in the initial construction, or perhaps improved versions of those
components. A main feature of the layout is a slight tilt (20 mrad) between the electron and positron main
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linacs that minimizes the bend angle needed to transport high-energy beams to one of the interaction
regions, the high energy IR. The beam delivery system is sufficiently long to allow the high energy IR to
be ultimately upgraded to energies in excess of 3 TeV.  A synopsis of staging scenarios for the NLC is
given in Table 1.1.

Figure 1.1: NLC Configuration.
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Table 1.1: Staging of the NLC Center-of-Mass Energy 
 

STAGE ENERGY (TEV) INJECTOR MAIN LINAC BEAM DELIVERY 

I 0.5 Initial Config Initial Config Initial Config 

 
II 

 
1.0 

 
Initial Config 

Install components in 
second half of the 

tunnel. 

 
Initial Config 

 
III 

 
1.5 

 
Initial Config 

Extend linac 50% 

Or  

Double rf power 

Reconfigure and 
strengthen final focus 

magnets. 

 
 The remainder of this Report discusses the NLC project in more detail. Chapter 2 describes the layout

of the accelerator, the parameters and luminosity, options for extending the physics capabilities, and multi-
TeV considerations. Chapter 3 presents the possible sites under study for the NLC and the conventional
facilities infrastructure. This is followed by chapters on the main-linac X-band rf system, the electron and
positron injector complexes, and the beam delivery system. Beam dynamics and tolerance issues are
discussed in Chapter 7. The γγ collider option is described briefly in Chapter 8 and in more detail in
reference [1].

1.2 Experience Base and Performance Goals
The design of the NLC, and the technologies that have been chosen for it, are based on experience gained
at the SLC, and at test facilities that are prototypes for the subsystems of the collider. The most important
of these test facilities and their primary goals are listed later in Table 1.3. Together these provide demon-
strations of each of the functions critical to producing, accelerating, transporting, focusing, colliding, and
using beams with the qualities needed for the NLC. Each is a major facility, and combined (but not
including the SLC) they represent an investment of several hundred million dollars. Their operation has
become routine and, in fact, several of them are presently used in part for R&D not related to the NLC.
Combined with the successful use of the SLC to study the physics of the Z0 boson, these facilities
represent more than a decade of experience and learning with the accelerator physics, operational tech-
niques, and underlying technologies required for the next-generation linear collider.

A summary of the high-level design parameters of the NLC is given in Table 1.2. More detailed
discussion of the design and other important parameters are given in later chapters of this Report, but this
set illustrates the physics potential of the collider, and serves to guide this introductory discussion.

The energy goal for the NLC is ten times the mass (91 GeV) of the Z0 studied at the SLC, and the
luminosity goal is 104 times that reached at the SLC. This clearly makes it important to understand the
factors that determine the luminosity, and to demonstrate that they can be achieved. The luminosity of a
linear collider is given by,

where N is the number of particles in each colliding bunch, Pb is the power in each beam, and σx and σy are
the horizontal and vertical dimensions of the beams at the collision point. The parameter HD is the
enhancement of the luminosity due to the pinch that each beam experiences as it passes through the
opposing beam. The ratio N/σx determines ϒave, the ratio of the peak fields in the beam-beam interaction to
the critical field for spontaneous production of electron-positron pairs. This parameter is restricted by the
fact that the e+e− pairs can cause excessive backgrounds in the experimental detector. To achieve high
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Table 1.3: Prototype Test Facilities 
 

TEST FACILITY PURPOSE DATES 

ATF Learn to create a small beam phase space. 1995 - present 

ASSET Learn to maintain beam phase space. 1996 - present 

FFTB Learn to measure and manipulate phase space 
to focus the beam. 

1994 - 1998 

NLCTA Learn to accelerate beams and control energy. 1995 - present 

SLC Learn to put it all together and do physics. 1989 - 1998 
 

Table 1.2: Summary of Design Parameters for the High Energy Interaction Region 
 

PARAMETER STAGE I STAGE II 

Energy (GeV in CMS) 500 1000 

Luminosity (1034 cm-2 s-1) 2.0 3.4 

Pulse Format 0.75 × 1010 particles in 
each of 190 bunches spaced 

1.4ns apart 
(120 pulses per second) 

0.75 × 1010 particles in 
each of 190 bunches spaced 

1.4 ns apart 
(120 pulses per second) 

σx/σy at the Collision Point (nm) 245 / 2.7 190 / 2.1 

Pinch Enhancement (HD) 1.4 1.5 

ϒave (fraction of critical field) 0.11 0.29 

Effective Gradient (MV/m) 48 48 

Linac Length (km per linac) 6.3 12.8 
 
 

luminosity requires beams with high power Pb, or high beam current, and small transverse phase space
(emittance) that can be focused to a small vertical height σy at the collision point.

Except for the NLCTA, the facilities listed in Table 1.3 have all been constructed to learn how to
create high luminosity at a linear collider. The SLC was the first linear collider. Its goal was simultaneously
to deliver timely and important results from experiments in particle physics while developing the accelera-
tor physics and techniques needed to make a linear collider work. This required an intense effort that
constantly pushed the boundaries of accelerator technology. The most important of these developments
was the engineering of the SLC as a ‘smart’ machine with sophisticated diagnostics and a flexible control
system. The FFTB addressed the problem of  nanometer-scale mechanical stability, beam instrumentation
and control. The ATF addressed the problem of creating a very-low-emittance beam. The X-Band linear
collider requires manufacture, alignment, and stabilization of machine components to high precision.
Microns and nanometers are small. But modern techniques in manufacture can comfortably achieve these
accuracies, and instrumentation exists that can measure the beam properties to the required precision. The
ASSET facility in the SLAC linac is a place where these capabilities can be verified. The remainder of this
section will discuss some of the highlights from these experiments, and discuss some of the work at the
NLCTA. The remainder of this Report will provide more in-depth coverage.
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1.2.1 The Stanford Linear Collider (SLC)

The development of the SLC opened new territory in accelerator design and operation. Sophisticated on-
line modeling of nonlinear physics was developed to provide rapid diagnosis and tuning of the machine.
Correction techniques were extended from first-order trajectory steering to include second-order tuning of
the emittance of the beam, and from hands-on tuning by operators to fully automated control. Beam
steering, beam collision, and spot-size optimization (luminosity)  were ultimately done entirely by auto-
mated computer feedback systems. The fundamental lessons learned were that rapid and precise diagnos-
tic instrumentation, on-line and automated analysis of data, and computer control of the machine are the
keys to achieving high luminosity in a linear collider. Submicron colliding beams (σy ≈ 700 nm) became the
norm in the SLC. Significant pinch enhancement (HD ≅ 2.0) was achieved. The experimental detector
routinely acquired luminosities of 2-3x1030 cm-2s-1 with > 80% uptime (approaching the peak luminosity in
the original conceptual design, however with very different beam parameters).

1.2.2 The Final Focus Test Beam

The Final Focus Test Beam (FFTB) significantly extended the lessons learned at the SLC. The FFTB was
built by an international collaboration [6] to learn how to control and focus beams to produce high
luminosity at linear colliders. The FFTB is a 200-meter-long, final-focus prototype built at the end of the
SLAC linac to use the 46-GeV SLC damped electron beam. Instrumentation able to measure beam
positions with a precision of 25 nanometers, and remotely controlled supports able to reproducibly  move
quarter-ton magnets in 300-nanometer steps were developed. Beam-based algorithms were used to align
the FFTB with micron accuracy. Special care was taken to passively stabilize the temperature of the
tunnel to 0.1 degree centigrade for extended periods of time. Component support foundations stabilized
the transverse positions of FFTB components to within nanometers of each other. The FFTB demon-
strated the optical principles and techniques needed for a linear collider final focus. It achieved a larger
demagnification factor than the NLC will require, and demonstrated control of second-order chromatic
dilutions. Spot sizes of 60-70 nanometers were measured, in good agreement with theory [7].

Experiments at the FFTB also studied the nonlinear quantum electrodynamics that will occur in the
beam-beam interaction of the NLC. A laser pulse of high peak power (0.5 J in 2 ps) was focused to small
dimensions and collided with the FFTB electron beam. The electromagnetic fields of the laser focus as
seen by the electron beam were those that will occur in the NLC with ϒ = 0.15-0.20. The measured yields
of electrons, positrons, and high-energy photons from these collisions were found to be in excellent
agreement with theory [8]. The results and experience from the FFTB lend confidence in the design of the
NLC final focus and the understanding of the beam-beam interaction.

1.2.3 The Damping Ring at the Accelerator Test Facility (ATF)

The beam can be focused to a small spot only if the phase space occupied by the beam particles is
sufficiently condensed. The emittance goals for the NLC are two orders of magnitude smaller than
achieved at the SLC. Like the SLC, the NLC is designed to use synchrotron-radiation damping in a
storage ring to produce the required emittance. Unlike the SLC, the NLC ring includes a length of wiggler
magnets to enhance damping. A full-scale wiggler-enhanced prototype ring has been built as part of the
Accelerator Test Facility (ATF) at KEK [9]. When fully damped, the beam size in the ATF ring is typically
a few microns in dimension. It has been necessary to develop noninvasive instrumentation to measure this
size. A ‘laser wire’ created by focusing a laser beam through a waist perpendicular to the ring orbit has
been successfully commissioned for this purpose. Emittances within a factor 2 of the desired values have
been measured with this device. Beam studies show strong signals of the intrabeam scattering of particles
expected to occur in such dense beams. Intrabeam scattering is a common phenomenon in proton storage
rings, but rarely seen in electron rings. The observed strength of the intrabeam scattering indicates that it
may be possible to achieve emittances below the initial ATF specifications. Improvements in the beam-
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Figure 1.2: An X-Band Accelerator Structure. Individual cells are manufactured
on precision high-speed lathes and bonded into meter-long structures. High-
lighted in the figure are the manifolds that are used to decouple and damp dipole
wakefields left by beam particles as they pass through the structure. The power
in these manifolds is extracted and used to measure the position of the beam with
respect to the center of the azimuthally symmetric structure.

position-monitor electronics are being sought that will allow beam-based alignment procedures to reduce
residual dispersion and coupling to the levels needed to reach this goal.

1.2.4 Accelerator Structure Design and ASSET

Each particle in the beam leaves electromagnetic wakefields as it passes through the physical apertures of
the machine. These wakefields exert forces on other particles in the beam, and so there is a correlation
between the charge and phase space of the beam as it reaches the interaction region. Control of transverse
(dipole) wakefields, which dilute the beam emittance, is one of the most critical issues posed by the NLC
performance goals. Many years of work have been devoted to solving this problem, and today there is
confidence that the NLC design contains sufficient margin to assure that the machine will perform as
planned. Reduction of the effects of wakefields is done in part by reducing the charge in each NLC bunch
by a factor of five below that in the SLC. Nonetheless it remains essential that the machine apertures are
nearly azimuthally symmetric, and that the beam passes close to their centers. Of greatest concern are the
accelerating structures of the linacs. The wavelength of the rf in the X-band NLC accelerator  (2.6 cm) is
four times smaller than the wavelength of the rf in the SLAC S-band accelerator (10.4 cm), so the
dimensions of the NLC structures are four times smaller than the SLC structures. Tolerances on the
manufacture and alignment of the structures, and the steering of the beam, are one to two orders of
magnitude tighter in the NLC than in the SLC. It is necessary not only to use state-of-the-art techniques to
manufacture the NLC structures, but also to have a proven strategy to align the structures with respect to
each other and with respect to the magnetic lattice of the linac that defines the beam trajectory.

Since it is not possible to completely eliminate manufacturing errors, the structures of the NLC
accelerator are designed to inherently minimize wakefields. The design also provides a direct readout of
the position of the beam in the structure, so that it is possible to align the linac with micron accuracy. First,
the dipole wakefields are (detuned) by varying the transverse dimensions of the structure slightly from
cell-to-cell. This avoids a coherent buildup of contributions from the many cells (approximately 100) in a
meter-long structure. Further reduction of the wakefields is accomplished by coupling each cell to an rf
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manifold designed to extract power above the fundamental accelerating frequency of 11.424 GHz. As
shown in Fig. 1.2, these damping manifolds can also be used as rf beam-position monitors by recording
the power left in each of the channels. By mounting the structures on movable supports similar to those
used in the FFTB, beam-based measurements can be used to dynamically align the accelerator.

Modern manufacturing tools are capable of accuracies considerably better than required for the NLC
structures. Individual cells can be turned on high-speed lathes to achieve frequency errors below 1 MHz to
be compared to a tolerance of 3 MHz. Techniques to bond cells into meter-long structures have been
developed that maintain their straightness within NLC requirements. Figure 1.3 shows the cell-to-cell
alignment in a 1.8-meter structure measured mechanically in the laboratory (with a Coordinate Measure-
ment Machine). Also shown in the figure is the straightness of the same structure measured with the
readout of signals induced in the rf damping manifold by an electron beam pulse. The detailed agreement
is spectacular. This prototype easily satisfies the rms tolerance of 10 µm on the combination of the
structure straightness and the alignment of its centroid to the beam.

Final verification of the microwave properties of detuned and damped structures is done at the
ASSET facility in the SLAC linac. Bunches of positrons from the SLC damping rings are used to excite
wakefields and then directly measure their affect on the trajectory of a trailing electron bunch. The data
shown in Fig. 1.4 are in excellent agreement with theoretical calculations over the full length of the NLC
bunch train, and over three orders of magnitude in wake amplitude [10]. These studies demonstrate that
the design, manufacture, and operational strategy for the X-band structures will allow the beam emittance
to be preserved during acceleration to high energies.
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Figure 1.3: The Cell-to-Cell Alignment of a 1.8-meter Accelerator Structure.
Measurements made on a coordinate measuring machine (CMM) are given by
the solid curve, and the data points are the result of measurements made by
passing a beam of electrons through the structure and determining the position of
each cell from the power induced in the wakefield damping manifolds. The
position of the beam in each cell can be determined because the frequency of the
manifold signal from each cell is unique - the structure is also detuned. The rms
tolerance on the combined manufacture and readout accuracy is shown.
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Figure 1.4: Measurement of Wakefields at the ASSET Facility. Wakefields left
by bunches of positrons as they pass through a 1.8-meter damped and detuned
X-Band accelerator structure are sampled by a trailing electron bunch. The posi-
tions, relative times, and total charge of each bunch can be varied individually to
map out the dipole wakefields. The data points in the figure are measured wakefield
strengths, and the curve is the prediction from theory.

1.2.5 The NLCTA, X-band Rf Components, and Accelerator Gradients

The goal of the NLC is to reach center-of-mass energies an order of magnitude beyond that achieved at
the SLC. The choice of a room-temperature X-band (11.424 GHz) accelerator has been made to reach
this goal, and to provide a path to still higher energies. There are four major components that make up the
rf system - modulators, klystrons, pulse compression systems, and accelerator structures. The NLC Test
Accelerator (NLCTA) [11] was commissioned in 1996 to provide experience with integrated X-band rf
systems. This facility continues today to be the ultimate test bed for NLC rf power sources and beam
acceleration. The power sources (modulators, klystrons, and SLED-II systems) have operated reliably for
thousands of hours. The NLCTA has been able to generate high-quality beams with energy spread well
within the NLC specification of 0.3%. These proven NLCTA power sources could be used as the basis for
a 500-GeV cms energy collider.

The goal of the NLC R&D program is an rf system able to operate with maximum efficiency at 1-TeV
cms, and to be built at minimum cost. The components of the NLC TeV rf system are designed to
improve significantly (by 60%) the overall ‘wall-plug-to-beam’ power efficiency, and to provide more
energy per rf pulse than available from the NLCTA system. Table 1.4 lists the rf components installed in
the NLCTA and the corresponding components for the 1-TeV NLC design.

 
Table 1.4: X-Band Rf Components 

 

COMPONENT NLCTA RF SYSTEM NLC "TEV" RF SYSTEM 

DC Pulse Modulator Thyratron-Switched PFN IGBT-Switched Induction 

Klystron Tube 50 MW/1.2 µs Solenoid Focus 75 MW/3 µs PPM Focus 

Rf Pulse Compression SLED-II 2-Mode DLDS 

Accelerator Structure Damped/Detuned at 50 MV/m Damped/Detuned at 70 MV/m 
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The concepts, designs, and states of development of these components are described fully in Chapter
4 of this Report, but a brief scorecard is given here. (1) A prototype IGBT-switched induction modulator
has been successfully used to power one of the S-band klystrons on the SLAC linac. A full-scale 500-kV
modulator has been fabricated and is undergoing initial tests. It will be used to power four S-band klystrons,
and later will form the basis for the ‘8-Pack’ test described below. (2) A prototype periodic permanent
magnet (PPM) klystron with 75-MW pulses of 3-µs duration has been tested successfully at 10 pulses per
second. This tube did not include cooling circuits on the permanent magnet column, and its pulse rate was
limited by average heating of the magnets. A tube with an improved design is being fabricated, and tests on
a ‘diode stick’ have verified excellent (99.9%) beam transmission through the cooled magnetic circuit. A
high-power full-repetition-rate test of the klystron tube will take place later this year. (3) The intrinsic
technologies of the SLED-II system and Delay Line Distribution System (DLDS) are very similar, and
experience gained with the NLCTA rf system is applicable to the TeV goals. The transport of multiple rf
modes through a single waveguide is unique to the DLDS, and has been demonstrated at low power at the
ATF in Japan. High-power tests of critical DLDS components have been successful, and the 8-Pack test
will verify the ability of the DLDS system to fully handle the stored energy required for the ‘TeV’
configuration.

An important parameter of the rf system is the unloaded field gradient produced in the accelerating
structures. This parameter, combined with the beam loading fraction (the effective gradient in the pres-
ence of beam) and the physical packing fraction of accelerator along the tunnel, determine the length of
the linac. In the NLC TeV design, the unloaded gradient (GU) is 70 MV/m, the effective loaded gradient
(GL) is 50 MV/m, and the packing fraction is 80%. The gradient per running length of tunnel is 40 MV/m,
and the length of filled tunnel required to reach 250 GeV beam energy (500 GeV cms) is 6.3 km (Table
1.2). The cost of the linac is the sum of two contributions: those proportional to length (i.e., ~ 1/GL), such
as tunnels, magnets, and vacuum; and those proportional to the rf power that must be generated to
accelerate the beams (i.e., ~ GU

2/GL), such as klystrons, modulators, and DLDS components. The total
cost of the facility also includes many items whose cost is independent of the acceleration gradient, such
as the Injector and Beam Delivery Systems. The minimum in the total cost is a surprisingly shallow
function of gradient. For the NLC design (Table 1.5), the minimum occurs at GU of 70 MV/m and the cost
to build a 500-GeV cms collider with a GU of 50 MV/m is about 10% above the minimum.

To test accelerator structures at gradients beyond 50 MV/m, the number of klystrons per rf station in
the NLCTA was doubled, and the control system improved to allow continuous unattended operation.
Damage began to be observed in the NLCTA 1.8-meter-long accelerator structures as the gradient was
increased. An aggressive R&D program to determine the source of this damage is proceeding on all fronts:
theory and modeling, accelerator design, manufacture, and operations. International collaboration on this
R&D is intense as KEK and CERN have joined in the effort. The status and results of this work are
described in more detail in Chapter 4, but there has been good progress in understanding the source of the
damage and ways to design structures to avoid it. A key parameter is the velocity with which energy flows
through the structure, the group velocity vg of the rf field. This determines the power that can be deposited
at a breakdown site, and hence the ability of breakdowns to damage the structure. Shown in Fig. 1.5 are
operational histories of structures with differing vg patterns. It is clear that lower group velocity structures
operate well at 50 MV/m, and come close to the NLC TeV design goal. But there is not yet sufficient
operational overhead to meet the criterion for large-scale use at the higher gradient. Tests are continuing
on structures with still lower vg, and also on standing-wave structures. This problem is not yet solved, but
we have confidence that structures capable of operation at the design values will be demonstrated soon.

1.3 Construction of the NLC
The physics goals and the status of the technical development of the NLC were reviewed in 1998 by the
Department of Energy’s (DOE) High Energy Physics Advisory Panel, and by the National Research
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Figure 1.5: Operational Histories of Three Accelerator Structures as they are
processed to high gradients. (a) A 1.8-meter-long NLCTA structure with group
velocity 12% the speed of light at the input end. (b) A 0.5-meter-long test struc-
ture with group velocity 5% the speed of light at the input end. (c) A 1.0-meter-
long test structure with group velocity 5% the speed of light at the input end. The
data are unselected and correspond to a range of operational conditions.

Council Committee on Elementary Particle Physics. Both supported the completion of a Conceptual
Design (CD) of the collider with initial capability to reach 1-TeV cms energy. The NLC R&D was
subsequently focused more tightly on rf technologies aimed at the TeV energy goal put forward by these
recommendations. In May of 1999, the Division of Construction Management of the DOE reviewed the
NLC project (a ‘Lehman Review’) and concluded, “the NLC is ready and should be authorized to
proceed with a CD.” Subsequent budget and priority considerations by the DOE prevented formal ap-
proval of the start of a CD for the NLC, but strong support of the R&D program has continued. Approval
and completion of the CD, with the necessary supporting R&D, is the next important step in the construc-
tion of the facility. In addition to producing the Conceptual Design Report (CDR), work on the CD would
include detailed studies of potential sites for the collider, and estimation of the cost of the facility to a
degree that careful review of its accuracy can be done. The CDR, and results from the continued R&D,
would be the basis for authorization of the project, selection of a site, and establishment of a baseline cost
and schedule for the project.

A model for construction of the NLC was created for the May 1999 DOE review. The purpose of this
exercise was to identify all items needed to complete the construction of the facility, and to provide a ‘ball-
park’ estimate of the cost and schedule on which it could be ready to carry out physics experiments. At
that time the estimated total project cost of the initial 500-GeV cms stage was ~ 7.5B$. This included a
correction for inflation over the eight years estimated to complete the project following acceptance of the
CDR, and a contingency factor, but not the cost of the detectors for the experimental program. The DOE
committee was not asked to verify the accuracy of this cost estimate, but they did examine carefully the
completeness of the project model. They found that, “the technical, cost, and schedule information
appear to be a good starting point, with all major systems and subsystems covered,” and that, “estimates
for other project costs, R&D, commissioning, preoperations, and special capital equipment appear to be
conservative.” The committee concluded that the, “CD study and supporting R&D must give absolute
first priority to reducing cost and to achieving higher machine performance.”
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Table 1.5: NLC 2001 Cost Model 
 

COST COMPONENT FRACTION OF TOTAL COST (%) 

Injectors 17 

Main Linacs 46 

       ML Power Systems  13 

       ML Beamline Systems 16 

       ML Conventional Facilities 17 

Beam Delivery 9 

Central Facilities and Systems 13 

Other Project Costs 15 

Total 100 
 

Completion of the 1999 model for construction of the NLC gave a clear picture of the cost and
schedule drivers. With this information, the NLC project group has aggressively pursued design changes
and R&D to reduce costs and extend the performance of the collider. All areas of the machine and its
technical systems have been examined, and many design changes and technology substitutions have been
made in the project model presented in this Report. Some of the major changes include a new design for
the beam delivery system that has reduced its length by a factor two, new designs for the Injector complex
that substantially reduce the required number of components and length of tunnel, and inclusion of  TeV
main linac rf technology (Table 1.4) into the baseline model. There have also been increases in the scope
of the project. In particular, the number of beam bunches to be accelerated on each rf pulse has been
doubled to provide higher luminosity than in the 1999 design, and full implementation of the low energy
IR has been included in the present model. The changes have substantially increased the expected perfor-
mance of the collider, and have reduced the estimated total project cost of the initial 500-GeV cms stage to
~ 6B$ (with escalation and contingency, but without detectors). A breakout of the relative parts of this
total is given in Table 1.5. The cost to increase the cms energy to 1 TeV would be an increment of about
25%.

1.4 Work in Progress and Milestones on the Road to the NLC
The NLC is ready to begin work on the Conceptual Design that will form the basis for authorization of the
project. In parallel, construction and testing of a TeV rf  ‘8-Pack’ will be completed to support the CD.
The 8-Pack consists of eight PPM klystrons pulsed by one IGBT induction modulator, a 2-Mode DLDS
arm, and a set of high-gradient accelerator structures. (See Chapter 4.) This system will be installed at the
NLCTA for testing with beam. Preparation of this 8-Pack is already underway and  it is the pacing R&D
item. The needed solid-state modulator is being fabricated and final engineering designs of needed klystrons
and DLDS components are in progress. With appropriate support, the Conceptual Design Report and the
accompanying 8-Pack demonstration can both be completed in U.S. FY03-04. This will be an important
milestone in the overall schedule for construction of the NLC facility. It is estimated that construction
would take about eight years following acceptance of the CDR.

A broad spectrum of work is also going forward, and will continue throughout the preparation of the
CDR. More detailed accounts of this design effort and technology R&D are given in the remainder of this
Report. None of this work, however, is pacing the readiness of the technology nor is it driving the cost or
schedule of the project.
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On a longer time scale, continued R&D will be needed to support the construction of the NLC
following completion of the CDR and project authorization. At that time, R&D would focus on industrial-
ization of machine components and optimization of systems engineering and design. Potential industrial
partners have already begun to produce X-band rf power sources, but overall this effort is still much
below what will be needed to support the final engineering design of the collider. The Engineering Test
Facility (ETF) at Fermilab is conceived to be a centerpiece and test bed for industrial R&D. This is a 400-
meter-long beamline planned to be a prototype for a complete sector of the main linac of the NLC. The
ETF will be a place to study the integration of main linac systems, and serve as a location to test industri-
ally produced components of all kinds. It will also allow hands-on studies of installation and maintenance
procedures that must be understood as part of the final engineering design of the collider. Acceleration of
beam in the ETF will provide operational experience and optimization of overall systems design and
engineering. Properly funded, this facility could be completed in U.S. FY06/07, and would be another
milestone on the road to completion of construction of the NLC in approximately 2012.

1.5 Outlook
The design, construction, and operation of the accelerators that will be needed to explore elementary
particle physics in the coming decades will necessarily be shared among many institutions from many
nations. The scope, cost, and universal purpose of these instruments dictate that their ownership be held
by the international community. It is necessary to reach a global strategy and long-range view of how to
share the tasks and opportunities presented by the frontier of high-energy physics.  The model for con-
struction of a U.S. facility outlined in the previous section will necessarily be reshaped by these interna-
tional discussions.

There has long been strong international collaboration and cooperation on the R&D for future linear
colliders. Good communications among groups working in the field have been established through interna-
tional workshops that began in 1988 as commissioning of the SLC got underway [12]. These workshops
have continued at approximately two-year intervals, with host institutions rotating through the American,
Asian, and European regions. In 1994, an International Linear Collider Technical Review Committee
(ILC-TRC) was established and tasked to bring together working groups with representatives from all of
the major design teams. The ILC-TRC did an excellent job of establishing a common set of definitions
and conventions that have become the common language of the field. It also created an important set of
tables of the parameters for all linear collider designs. The ILC-TRC published, in 1995, a report on its
work [13] and has continued to keep the major informational tables up to date on its web site [14]. The
International Committee on Future Accelerators (ICFA) recently commissioned and charged the ILC-
TRC to reconvene as a working group to release a new report. Completion of this report is expected in the
year 2002. This is a step in a process intended to lead to a choice of design and technology for the next-
generation linear collider, and to a strategy by the international community to build and operate such a
facility.

 The technology to build the next-generation linear collider is here. The TESLA Collaboration has
completed technical documentation of a superconducting accelerator, and has made a proposal to con-
struct it as an international project. The NLC Collaboration, with its Japanese partners, has developed the
design and technology for a warm accelerator. The particle physics communities in Europe and Asia have
endorsed a linear collider to complement the LHC, and have stated their willingness to make the commit-
ments needed to host such a facility. The U.S. physics community will meet at Snowmass with the 2001
DOE/NSF HEPAP subpanel to recommend a long-range plan for high energy physics in the United States.
This plan must reach a conclusion on the role to be played by the U.S. in building and using the next-
generation linear collider. These recommendations will be important in setting the global strategy for high
energy physics for decades to come.
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