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1 Introduction

The idea of using colliding beams to fully convert the energy of the acceler-
ated beams into reaction products goes back to the middle of the last century.
Colliding two particles with the same energy allows having in the center of
mass all the energy transferred by the particle accelerator to them. In fixed
target experiment instead only a fraction of the beam energy is available in
the moving center of mass.
The colliding beam idea has a conceptual draw back in the quite small proba-
bility of particle interaction given by the low density beam population required
for colliding beams. Luminosity [cm−2s−1] is then the quality parameter that
is required for a collider to produce a sufficient event rate at a given cross sec-
tion. In principle higher energy demands higher luminosity, but for the same
beam quality luminosity is inversely proportional to the beam energy. In spite
of these constrains, for more than 2 decades, from ADONE (1969) to LEPII
and TEVATRON, the discovery energy frontier had an exponential growth,
following the so called ”Livingston Plot”.
From the accelerator side, the reference machine of all colliders has been a syn-
chrotron based storage ring. Once accelerated to the nominal energy, the two
beams are stored and used for collision for billions of times. In a synchrotron
the maximum energy is proportional to both, the ring radius and the average
magnetic field. To follow the Livingston Plot superconducting magnet technol-
ogy has been developed for the magnetic field improvement while the radius
increase drives machine size and cost. With increasing energies, the energy
lost by synchrotron radiation by leptons grows tremendously. The difference
in the relativistic parameter γ between proton and electron (≈ 2000) together
with the 4th dependence of the energy lost per turn, stopped any dream for
lepton synchrotrons above the c.m. energy of ∼ 200 GeV successfully reached
by LEPII in its 27 km ring. Scaling LEPII to 500 GeV with a luminosity of
∼ 1034 [cm−2s−1] would require to conceive a circular machine close to 170 km
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in length and consuming as much electrical power as California State is doing
during summer.

2 The Path to the International Linear Collider

The idea of a linear collider goes back to 1965 and was proposed by Mau-
rice Tigner[1] to overcome the energy loss by synchrotron radiation in a syn-
chrotron based collider. The two major problems of a linear collider are the
luminosity and the efficiency to economically transfer the energy to the beams.
Luminosity is the measure of the number of particle collision per second per
unit area. Luminosity, for a given energy, is determined, in operative unit, by
the maximum acceptable beam power, by the bunch population and by the
minimum obtainable transverse beam size that depends on its phase space
volume, the emittance. Concerning the beam quality, in a storage ring col-
lider it is determined by machine dynamic issues and the machine design is
done compromising a relatively high density at the interaction points with the
need of preserving a reasonable life time of the beam. Conversely, in a linac
based collider the beam is spent after collision and minimum emittance is re-
quired to allow maximum density at the interaction point. Once a minimum
normalized emittance beam has been generated, p. es. in a damping ring, the
linac has to preserve this value all along the acceleration up to the interaction
point. Moreover flat beams (high aspect geometrical ratio) are required to
minimize the beamstrahlung induced energy spread at the collision.
To underline the difference in running a storage or a linear collider for an
high energy physics experiment it is worthwhile to point out that in a storage
ring collider as LHC the same particles are circulating 104 times in a second,
contributing 104 time to the beam power, and, once accelerated, they survive
for a few 104 seconds. Conversely in a linear collider 5×1014 particles have
to be generated every second and each accelerated particle is given a single
chance to collide before being dumped. As guiding numbers, the power of each
of the two LHC beams will be close to 4 TW, while for a linear collider 10
MW is a reference value in case of an unprecedented conversion efficiency of
plug power into beam power.
In 2001 ICFA requested that the ILC-TRC, chair by Greg Loew, reconvene
its activities to produce a second report[2] after the status report produced
in 1995 on the existing linear collider projects. The report was delivered in
February 2002 and among the five existing projects (JLC-C, JLC-X, NLC,
TESLA and CLIC), JLC-X/NLC and TESLA have been considered close to
the demonstration of their feasibility, with pros and cons in the both sides. It
was also recognized that, in spite of the choice between the two alternative
technologies, ”warm” or ”cold” (normal or superconducting RF respectively),
a huge internationally organized effort was required to move to a real machine
to be proposed for construction.
In 2002 ICFA created the International Linear Collider Steering Commit-
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tee (ILCSC), chaired by Maury Tigner, to engage in outreach, explaining
the intrinsic scientific and technological importance of the project, monitor
the machine R&D activities and make recommendations on the coordination,
identifying models of the organizational structure, based on international part-
nerships, adequate for constructing the LC facility.
The growing interest of the HEP community on the linear collider pushed
the ILCSC to select between the two technologies, concluding their expen-
sive competition. By the end of 2003, twelve ”Wise Persons” (Asia: G.S. Lee,
A. Masaike, K. Oide H. Sugawara; Europe: J-E Augustin, G. Bellettini, G.
Kalmus, V. Soergel; America: J. Bagger, B. Barish, P. Grannis, N. Holtkamp)
were selected to form the International Technology Recommendation Panel
(ITRP), the aim being to produce a globally accepted choice between the two
remaining competitors: the ”warm” JLC-X/NLC and the ”cold” TESLA. The
ITRP, chaired by Barry Barish, completed its work in eight months recom-
mending the superconducting RF technology[3]. The ITRP recommendation
for the ”cold” TESLA technology was unanimously endorsed by ICFA at the
Beijing meeting in August 2004, starting the process toward the International
Linear Collider, ILC.
Immediately following the ICFA endorsement, the Linear Collider Commu-
nity met at the First ILC Workshop held at KEK in November 2004. 220
accelerator physicists set up the ILC global organization with the goal of
building the Linear Collider. In the spring 2005, the Global Design Effort
was constituted selecting 50 persons and Barry Barish was appointed as GDE
Director. The mission of the GDE is to produce a design for the ILC that
includes a detailed design concept, performance assessments, reliable interna-
tional costing, an industrialization plan, siting analysis, as well as detector
concepts and scope. Furthermore, the GDE has to coordinate worldwide pri-
oritized proposal driven R&D efforts. The most important milestone achieved
by the the GDE so far have been at the end of 2005 the Baseline Configura-
tion Document (BCD) presented at Frascati and, at the beginning of 2007,
the Reference Design Report (RDR) presented in Beijing that includes also
cost and site studies[4].

3 ILC Scheme, Parameters and Costs

The ILC accelerator has been designed to achieve the specifications listed in
the ILCSC Parameter Subcommittee Report. The required accelerator per-
formance goals are[5]:

• The initial maximum center of mass energy is Ec.m. = 500 GeV. Physics
runs are possible for every energy above 200 GeV. The machine must be
upgradeable to a center-of-mass energy of 1 TeV;

• a peak luminosity of ∼ 2 × 1034 [cm−2s−1] and an availability (75%)
consistent with producing 500 fb−1 in the first four years of operation;
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• > 80% electron polarization at the Interaction Point (IP);
• an energy stability and precision of ≤ 0.1%;
• an option for ∼60% positron polarization;
• option for e−-e− and γ-γ collisions.

The accelerator reference design was frozen at the end of November 2006 to
leave the time to update chapters and costing before the GDE Meeting in Bei-
jing, where the RDR has been formally presented. With respect to the ILC
BCD (Base Line Design), the schematic layout shown in Figure 1 includes the
two major changes being performed for cost reduction, namely: a) location of
the two damping ring in one tunnels, around the collision area; b) a unique
BDS (Beam Delivery System) with two detectors operating in push-pull and
sharing a common Interaction Region (IR).
The ILC assumes an average accelerating gradient of 31.5 MV/m in the su-

Fig. 1. ILC Reference scheme for RDR

perconducting RF cavities to achieve a center-of-mass energy of 500 GeV. The
high luminosity requires the use of high power and small emittance beams.
The choice of the 1.3 GHz Superconducting RF is well suited to the require-
ments, primarily because the very low power loss in the SCRF cavity walls
allows the use of long RF pulses, relaxing the requirements on the peak-power
generation, and leading to high wall-plug beam transfer efficiency. The beams,
after generation in the electron and positron sources respectively, are trans-
ported to the low energy damping ring that operate at 5 GeV and are 6.7 km
in circumference. The low emittance beams at the exit of the damping ring are
accelerated to nominal energy in the main linacs which are ∼ 11 km long each.
Finally, the beams are focused down to very small spot sizes (σx= 639 nm,
σy= 5.7 nm) at the collision point with a BDS 2.2 km long.
A major achievement of the RDR is a preliminary cost assessment of ILC.
The costing has been based on three main classes, namely site-specific, con-
ventional and high-tech components. The site specific cost has been assessed
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by each region based on the selected site. Conventional components has been
quoted as single cost for all regions. High-tech components has been quoted
based on industrial studies or engineering estimates. The estimated value of
the shared (conventional and high-tech) ILC cost is 4.79 Billion (ILC Units)1.
The site specific costs have been estimated almost identical by each region to
be 1.83 Billion (ILC Units) and include underground civil facilities, water and
electricity distribution and buildings supporting ILC operations. Finally the
explicit labor required to support the construction project has been estimate
in 24 million person-hours and includes administration and project manage-
ment, installation and testing. Among the main drivers of the shared ILC cost
the linac and the SCRF components play a major role. It is for this reason
that the R&D Activities on SCRF accelerating gradient both on cavity and on
cryomodules are at the highest level in the priority list after RDR publication.
Concerning the future commitment of GDE for ILC, the next milestone is the
Engineering Design Report (EDR) that it is required to produce an engineered
technical design in 2010, starting from refining and control of the published
cost estimated by value engineering.

4 Conclusions

After forty years of research for demonstrating the feasibility of a linear col-
lider, today the International Linear Collider (ILC) is a reality and the GDE
is committed to supply the EDR in 2010, and making the starting of the con-
struction possible as early as 2012. The cost drivers and critical items have
been identified in the RDR phase and they set the priorities for the next EDR
phase. Moreover the EDR will form qualified industrial competitors for the
SCRF linac technology in each region.
The Global Design Effort will continue to work with the regional funding
agencies and government institutions for making ILC a reality in the next
decade.
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1 1 ILC Unit = 1 US 2007$ (=0.83 Euro = 117 Yen)


