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Abstract 
The linear collider concept has been originally 

proposed by Maury Tigner in 1965. After the great 
success of the TESLA Collaboration and its test facility, 
TTF, the ILC Global Design Effort is now aiming at its 
realization as a global technology challenge. 

INTRODUCTION 
Starting from the success of the AdA experiment in 

Frascati, colliding beams have been produced to reach 
and advance the energy frontier in particle physics. With 
respect to the fixed target experiments, colliding two 
elementary particles with the same energy has the great 
advantage to make available in the center of mass (c.m.) 
all the energy transferred by the particle accelerator to 
them. Conversely, when a fixed target is used, relativity 
associates just one fraction of the beam energy to the 
moving center of mass.  

The drawback of this concept is that the collision 
probability for the interacting particles is quite small 
because of the beam low density. Luminosity [cm-2 s-1] is 
then the quality parameter for a collider to produce a 
sufficient rate of events characterized by a given cross 
section. In principle higher energy demands higher 
luminosity, but for the same beam quality luminosity is 
inversely proportional to the beam energy. In spite of the 
hardness of the game, for more than 2 decades, from 
ADONE (1969) to LEP II and the  TEVATRON, the 
discovery energy frontier had an exponential growth, 
following the so called “Livingston Plot”.  

The reference accelerator of all colliders has been a 
synchrotron 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 technology has been 
developed for the magnetic field improvement while 
machine size and cost are naturally associated with the 
radius increase. With increasing energies, the energy lost 
by synchrotron radiation has been the enemy for the 
elementary leptons. The factor 2000 in the relativistic γ  
together with the γ4 dependence of the energy lost per 
turn, stopped any dream for lepton synchrotrons above the 
c.m. energy of ~ 200 GeV successfully reached by LEP II 
in its 27 km ring. Scaling LEP II to 1 TeV with a 
luminosity of ~1034 [cm-2 s-1] would require to conceive a 
circular machine close to 1000 km in length and 
consuming as much electrical power as the entire US. 
Conversely, the Large Hadron Collider, LHC, in 
advanced construction at CERN utilizes the LEP tunnel 
and in 2008 will collide two proton beams of 7 TeV each. 

ILC ORIGIN AND CHALLENGES  
In 1965, Maury Tigner proposed the idea of a linear 

collider [1] to avoid the synchrotron radiation show stop, 
but almost 40 years of research have been spent to 
demonstrate its practical feasibility. The two major 
problems of a linear collider are the luminosity and the 
efficiency in the energy transfer to the beams. 

Luminosity is the measure of the number of particle 
collisions per second. Simplifying the picture to the 
essential, luminosity, L, is then directly proportional to the 
average beam current, Ib, the longitudinal beam packing 
(expressed through the charge per bunch, Ne) and  the 
transverse particle density obtainable at the collision 
point. Remembering that the transverse density is 
inversely proportional to the beam size (σx , σy) and that 
the minimum beam size is limited by the beam quality, 
expressed by the emittance (εx , εy), at the energy Ec.m. the 
following simple formula can be written:.  

 
 

 
It turns out that for a given energy luminosity is 

determined by the maximum acceptable beam power and 
by the minimum obtainable emittance (                          ). 
Moreover σy << σx for beamstrahlung and bunch length is 
optimized for Disruption. 

To give the impression of what does it means 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 current, and, 
once accelerated, they survive for a few 104 seconds. 
Conversely in a linear collider 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 
we have to use 10 MW as the a reference value should the 
linac technology being able to transform plug power into 
beam power with a 10% unprecedented conversion 
efficiency. This would ask for a plug power of 200 MW 
that while higher than the one installed for the LHC 
operation is still considered as acceptable. 

Concerning the beam quality, in a storage ring collider 
it is determined by machine dynamic issues and the 
machine design is done by choosing a compromise 
between a relatively high density at the interaction points 
(to increase luminosity) with the need of preserving a 
reasonable life time of the beam (which in turn requires to 
put limits to the density at the interaction point, in order 
not to introduce detrimental effects). Conversely, in a 
linac based collider the beam is spent after collision and 
the minimum attainable emittance is required to allow the 
maximum possible density at the interaction point. In 
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practice once a minimum normalized emittance beam has 
been generated, in a damping ring, the linac has to 
preserve this value all along the acceleration up to the 
interaction point. Moreover, flat beams are required to 
minimize the beamstrahlung induced energy spread at the 
collision and, for two 10 MW beams at 250 GeV, 5·1014 
fresh particles have to be generated and cooled every 
second, half electrons and half positrons. 

In the Eighties, a number of ideas emerged, most of 
them proposing conceptual schemes focused on the reach 
of high energies with a relatively short linac length. The 
proposed schemes were based on two alternative 
technologies: several were using the “warm” normal 
conducting RF technology (at several proposed RF 
frequencies, as JLC-X, JLC-C, NLC, CLIC) and a single 
proposal used a moderate frequency option using the 
superconducting RF technology at 2 K (TESLA). The 
Interlaboratory Collaboration for R&D toward TeV-Scale 
Electron-Positron Linear Colliders at a meeting in London 
in June 1994 constituted an International panel, the ILC-
TRC [2] chaired by Greg Loew, that by the end of 1995 
produced its first report which for the first time gathered 
in one document the current status of eight major e+e− 
linear collider designs in the world. The eight projects 
were analyzed and compared. In 2001, after the abandon 
of three of the original projects, ICFA requested that the 
ILC-TRC reconvene its activities to produce a second 
report that was delivered in February 2002. Among these 
5 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 pending choice between the two alternative 
technologies, “warm” or “cold”, 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 Committee (ILCSC) [3], 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 
partnerships, adequate for constructing the LC facility.  

The growing interest of the HEP community for the 
foreseen synergies between LHC and the lepton collider 
pushed the ILCSC to find a way to concentrate the 
worldwide effort on a single design, concluding the now 
expensive technology 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) 
[4], 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 the recommendation process in 
eight months, through documentation, presentations, 

visits and discussions, the three project leaders (Kaoru 
Yokoya for JLC-X, David Burke for NLC and Carlo 
Pagani for TESLA,) were invited to participate to all the 
process as the “technology experts”.  

The ITRP recommendation for the “cold” TESLA 
technology was unanimously indorsed by ICFA at the 
Beijing meeting in August 2004, starting the process 
towards the International Linear Collider, ILC. 

TESLA: THE ILC PRECURSOR 
The idea of investigating the use of superconducting 

accelerating structures [5] as the basic technology for the 
future Linear Collider, called TESLA [6], was discussed 
for the first time in a small workshop held at Cornell in 
July 1990, organized by Ugo Amaldi and Hasan 
Padamsee. Two years later the TESLA Collaboration was 
set up at DESY for the development of a SRF-based TeV 
e+e− Linear Collider.  

The baseline idea was simply that pushing to the limit 
the niobium SRF technology, accelerating field up to 50 
MV/m could be conceived, with efficiency from plug to 
beam power much higher than any other NC competitor. 
Due to the lower frequency and larger beam apertures 
allowed by the cavities a better beam quality preservation 
could be expected. The combination of these two effects 
would have produced a higher luminosity for a cold 
machine, if compared with normal conducting options at 
the same plug power and beam quality. 

Three were the major challenges of this scheme:  
• Push the gradient to at least 25 MV/m, at high Q. 
• Reduce by a factor of 20 the linac cost per MV. 
• Develop the technology for pulsed operation. 
Taking advantage of the experience of all the major 

laboratories investing in this technology, an optimum 
cavity design was developed at 1.3 GHz and a large 
infrastructure was set up at DESY for the cavity 
processing and test. Stiffening rings were included in the 
cavity design to minimize the effect of Lorentz-force 
detuning in the high power pulsed regime. The major 
contributions came from CERN, Cornell, DESY, CEA-
Saclay and INFN, but important inputs from TJNAF and 
KEK were essential.  

Figure 1 shows a photograph of one of the first TESLA 
9-cell cavities, at 1.3 GHz, successfully built by the 
European Industry (France, Germany and Italy) according 
to the drawings and procedures commonly defined. 
Fabrication tools and EB (Electron Beam) welding 
parameters were independently developed by each 
industry together with its reference national institution.  

To prove the TESLA concept long cryomodules were 
required for high filling factor. INFN, supported by FNAL 
and DESY, developed with the Italian industry a new 
concept of an eight-cavity cryomodule with outstanding 
cryogenic efficiency. Module assembling facilities and a 
shielded area to operate the linac prototype were then 
included in the TTF Infrastructure. One of the INFN 
Cryomodules fully equipped with cavities and ancillaries 
is shown if Figure 2  as installed in the TTF linac. 



 
Figure 1: Picture and drawing of the 9-cell TESLA cavity 

 

 
Figure 2: INFN type III Cryomodule fully equipped and 
installed into the TTF linac 

It is worthwhile to remember that the success of the 
TESLA Technology was possible because of the decision 
of the TESLA Collaboration of concentrating efforts and 
resources in the construction at DESY of a large dedicated 
infrastructure, the TESLA Test Facility, TTF. Several M€ 
were invested by DESY and the major partners of the 
Collaboration (INFN, Fermilab and CEA/CNRS) It was 
designed and built on the basis of the experience from the 
preceding infrastructures, mainly from CERN, to cover 
the following four major functions: 
• Cavity inspection and processing 
• Cavity test 
• String and module assembly 
• System test in a prototype linac with beam. 

The infrastructure design and construction has been 
performed to control and define all the process parameters 
in order to optimize the SCRF technology while preparing 
the required documentation for a smooth technology 
transfer to industry. A reproducible mass production 
according to the highest standards in term of QC (Quality 
Control) and QA (Quality Assurance) was mandatory.  

Limiting the short description to the cavity inspection 
and processing, the most significant steps and apparatus 
are listed in the following.  

• Niobium material inspection with an Eddy-current 
scanning system to detect major inclusion and forcing 
producer to a higher level of quality control. 

• Inspection laboratory for the acceptance tests of the 
SCRF cavities delivered by industry. 

• Cavity tuning equipments to reliably converge to a 
correctly tuned cavity, with a flat field distribution 
and a precise straightness . 

• Large class 100 clean room infrastructure for treated 
cavity preparation, ancillary integration and cavity 
string assembly. Class 10 areas are also included. 

• Closed loop chemical plant connected to the clean 
room and the ultra high pure (18 MΩ·cm) water 
purifier.  

• High pressure ultra pure water rinsing in the clean 
room area for the subsequent clean drying.  

• High temperature vacuum furnaces for hydrogen 
desorption and stress release (800 °C), and for 
niobium post-purification for thermal conductivity 
enhancement (up to 1400 °C). 

While not described in this paper, I want to point out 
that also the other functions of the infrastructure 
(especially the setting of string/module assembly 
procedures and the operation of the linac test facility) 
proved to be essential for setting the SCRF technology. A 
complex superconducting linac as ILC requires the same 
level of QA and QC all over the process, which includes 
cavity tests, ancillary integration, module assembly and 
linac operation. 

More than 120 TESLA type cavities have been so far 
produced by the European industry and have been 
processed in the TTF infrastructure at DESY. The learning 
curve has been quite fast, demonstrating the success of 
the international effort dedicated in the infrastructure 
design and operation.  

Figure 3 shows the vertical test results from the 3rd 
production batch, i.e. at the end of the learning curve. A 
very low residual resistance (few nΩ) was measured and 
the field emission onset was pushed up to around 20 
MV/m. The Q drop at high fields was still not cured [7]. 

The following steps to approach the physical limits for 
niobium were mainly determined by the combined 
introduction of two new ideas originated by the ongoing 
R&D effort at KEK and CEA-Saclay: 
• Electro-polishing (EP) instead of BPC to process the 

cavity active surface in order to smooth out asperities 
and improve the effect of HPR [8]. 

• Moderate temperature baking (100-140 °C) in ultra-
high vacuum to re-distribute oxygen in the surface, to 
mitigate resistive effects [9]. 

The application of EP raised the onset of field emission, 
while the moderate temperature baking cured the Q drop. 
These two very important results from the R&D activity 
for high gradient were independent but, because of the 
better quality of the electro-polished surface, baking is 
simpler and more reproducible for the EP cavities.  All the 
best 9-cell cavities produced so far had EP and backing. 
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Figure 3: Vertical test results of the TESLA 9-cell cavities 
from the 3rd production, that is at the end of the learning 
process. Standard BCP was applied. 

Figure 4 shows the tests results of one of the best 
TESLA EP cavities, AC 70, as an example of the cure of 
the Q drop at high field by 120 °C baking. This cavity 
was electro-polished at DESY in an infrastructure upgrade 
that was built according to the experience and parameters 
developed at KEK. The outstanding results of this cavity, 
AC70, were obtained avoiding the 1400 °C heat 
treatment, thus giving a proof that the niobium quality has 
been substantially improved by industry [10]. 

 
Figure 4: Low and high power tests of AC 70 at DESY. 

In spite of the very successful results that have been at 
the basis of the “cold” decision for the ILC, a lot of work 
has still to be done for reproducibility. At the TESLA Test 
Facility at DESY in the ten years from 1995 to 2005 a few 
hundreds of 9-cell cavity tests have been performed to 
improve and optimize the process parameters. The same 
cavity has been usually tested a few times to improve its 
performances in term of maximum accelerating field, Eacc, 
quality factor, Q, and field emission onset. Between two 
successive test the cavity was partially re-processed, 
increasing the surface removal or the HPR duration. The 
effect of the 1200-1400 °C heat treatment was analyzed 
and temperature mapping was applied to study quench 
location. The history of all these tests is shown in Figure 4 
to give an impression of how difficult is the achievement 
of the cavity reference performance at the first test. Also 
screening the results limiting them to the tests done for 
performances, we are far away from the 5% to 10 % yield 
at the first test required by ILC to be practically feasible.  

 

Figure 5: Plot showing the results of all the cavity vertical 
tests performed in the TTF infrastructure up to mid 2005. 
Vertical scale is the surface peak electric field [MV/m]. 
For each test the red dot is the maximum field achieved 
by the cavity and the blue one the field emission onset. 

SCRF TECHNOLOGY AND ILC 
The unanimous recommendation of the ITRP, endorsed 

by ICFA at the Beijing meeting, opened the way for the 
International Linear Collider. The main motivations of the 
”cold” decision are in the following as summarized in the 
ITRP Executive Summary document: 
 

• The large cavity aperture and long bunch interval 
reduce the complexity of operation, reduce the 
sensitivity to ground motion, permit inter-bunch 
feedback and may enable increased beam current. 

• The main linac RF systems, the single largest technical 
cost elements, are of comparatively lower risk. 

• The construction of the superconducting XFEL free 
electron laser will provide prototypes and test many 
aspects of the linac. 

• The industrialization of most major components of the 
linac is underway. 

• The use of superconducting cavities significantly 
reduces power consumption. 

The reaction of the Linear Collider community was 
impressively positive and the two major labs, KEK and 
SLAC, so far engaged in the development of the 
alternative ”warm” technology switched immediately all 
the resources into the new global design. At the first ILC 
Workshop held at KEK in November 2004, three months 
after the decision, 220 accelerator physicists participated, 
setting up the embryo of the ILC global organization 
deemed to finally build the Linear Collider. 

In Spring 2005 a group of 50 persons has been selected 
to form the Global Design Effort (GDE) team and Barry 
Barish, the former chairman of the ITRP, has been 
appointed as Director. The Snowmass Workshop in 
August 2005 created the group structure and chose the 
base line parameters of the ILC to be designed and 
proposed, selecting the reference machine design, while 
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letting open few alternatives that could produce positive 
impact in terms of either costs or performances. A similar 
group for detector development has been also created on a 
fully International basis. The option of having one or two 
interaction points is still pending and will depend on cost 
and funding issues. 

The principal ILC parameters as agreed with the HEP 
community are summarized in the following numbers: 
c.m. energy of 500 GeV at a luminosity of 2 1034 [cm−2 
s−1]. The machine will be designed to be upgradeable up 
to 1 TeV after a few years of operation, should physics 
results demand for this effort. The most important 
milestones of the GDE in the process of building the ILC 
were set as in the following: 
• end 2005: Baseline Configuration Document (BCD) 
• end 2006: Reference Design Report (RDR), including 

cost and site studies 
• mid 2008: Technical Design Report (TDR) 

In parallel, after the publication of the RDR, the 
process of bids to host ILC and of money collection is 
expected to start. This time scale was considered fully 
consistent with the effort still remaining to be done for the 
machine and detector design and is also compatible with a 

possible fine tuning that should be suggested by the LHC 
physics results. Construction should start sometime after 
2010 and the possibility of contextual operation of the 
two large hadron and lepton colliders remains open. 

ILC SCHEME AND PARAMETERS 
Approaching the deadline that GDE set for the RDR, 

the preliminary cost estimation turned out to be higher 
than envisaged and the GDE director launched a design 
review, with the goal of minimizing the cost while 
maintaining the machine performances agreed with the 
HEP community. The reference design was frozen at the 
end of November 2006 to leave the time to update 
chapters and costing before the GDE Meeting in Beijing, 
where the RDR was formally presented. With respect to 
the ILC BCD (Base line Design), the schematic layout is 
shown in Figure 6. This layout includes the two major 
changes performed for cost reduction, namely: a) location 
of the two damping ring in a single tunnel, around the 
collision area; b) a unique BDS (Beam Delivery System) 
with two detectors operating in push-pull configuration 
and sharing a common Interaction Region (IR).  

 

 
 

Figure 6: A schematic layout of the International Linear Collider. This diagram reflects the expected 
recommendations of the Reference Design Report, a report published in February 2007 that provides the first 
detailed technical snapshot of the machine. (Credit ILC Global Design Effort). 

 
Among the others ongoing machine optimizations it is 

worthwhile to quote the following three for their impact 
on cost saving: a) the reduction of the number of RF units, 
allocating 9 cavities in those cryomodules that do not 
contain focusing elements; b) the removal of the 3.5% 
safety margin in the energy reach, maintaining the tunnel 
length for possible future recovery; c) some re-
optimization of the interconnection tunnel layout and 
conventional infrastructure distribution. 
The publication of the RDR (which includes costing) 
represents a major milestone toward the realization of the 
ILC. Costing such a complex object taking into account 
Regional and National differences turned out to be very 
challenging, but also a necessary step to a thoroughly 
global project, globally funded and globally built. The 
expected success of this exercise will surely strength and 

reinforce the international effort, facilitating organization 
and funding. 

The beam parameters outlined in the RDR are 
substantially derived from the TESLA TDR. To 
compensate for the increase from 24 to 26 of the number 
of cavities fed by a single klystron in one RF unit, 
suggested by cost reduction issues, the beam current has 
been reduced from 9.5 mA to 9.0 mA, and the luminosity 
has been recovered through an adjustment of the 
interaction optics at the collision. At the time of the 
publication of this paper nearly all details will be 
available on the ILC web pages [11] 

 The option for a future upgrade to 1 TeV of the ILC 
energy, with improved luminosity, is still open. The bean 
delivery system is designed for 1 TeV but, because of the 
cost cuttings in the RDR, it will be more expensive. 



REGIONAL INFRASTRUCTURES 
As already pointed out the ILC is a very challenging 

machine whose success depends upon the beam quality 
achievable with the damping rings, the cure of all the 
emittance dilution processes that could occur and the 
perfect functioning of the conceived instrumentation and 
feedbacks that stabilize the beam-beam collisions at the 
interaction point. Most of the components are critical and 
an unprecedented level of reliability is required to obtain 
an overall machine availability that justifies the huge 
investment. 

In this context the “cold technology” choice pushed the 
ILC GDE to promote a global effort to move the TESLA 
achievements in term of superconducting cavity 
performances from the level of proof of existence to a 
stable industrial production. This process, started in 
Europe in the pre-GDE era with TTF for TESLA and the 
European XFEL, is now pursued also in Asia and 
America with the construction of new large dedicated 
infrastructures. The three majors are briefly presented. 

CMTB at DESY 
The decision to transform the TTF linac into a VUV 

FEL user facility left a limited space for cryomodule test 
in TTF. Moreover the preparation phase of the European 
XFEL was asking for a more continuous availability to 
define details and gain experience before the construction 
phase. A new dedicated infrastructure has then been built 
at DESY, named CMTB (Cryo-Module Test Bench). 
Commissioning started in mid 2006 and the first complete 
cryomodule, the so called #6, has been installed in the 
following October. Figure 7 shows a picture of the CMTB 
bunker during the installation of the cryomodule #6. By 
February 2007, 10 cool-down / warm-up cycles have been 
successfully completed. 
Figure 7: CMTB at DESY during the installation of the 

first cryomodule in October 2006. 

Testing a cryomodule in CMTB instead than in TTF 
turned out being very efficient. The fact that in the CMTB 
no beam is available surely limits the completeness of the 
tests, but conversely CMTB is the right place were the 
behavior of one complete module, with all the active 

components installed, can be checked with more 
diagnostics and in a much shorter time.  

SMTF at Fermilab 
Following the decision of basing the ILC on the 

TESLA Technology, DOE funded US laboratories to 
create a large regional SCRF infrastructure at Fermilab, 
the chemical treatment plants being implemented at ANL 
to take advantage of the existing facilities and expertise. 
DESY, INFN and KEK are collaborating to this effort 
[12]. 

The new SCRF infrastructure is being located in the 
Fermilab Meson area. Its mission is going beyond ILC 
and includes the development of the technology required 
for a possible high intensity proton linac.   

Limiting the discussion to the ILC related activities, 
this new regional infrastructure will be including all the 
functionalities implemented in TTF, apart from chemistry 
at ANL. The TTF experience is at the basis of the 
Fermilab design and the technology transfer inside the 
TESLA Collaboration is being very fruitful.  

As for TTF, the ILC Test Area (ILCTA) will include an 
accelerator called ILCTA_NM. In the first phase, the 
accelerator will be composed of an electron photo-injector 
(TTF type) and one ILC RF Unit. An ILC RF unit 
consists at present of three cryomodules housing 24 
cavities powered by a single large klystron and modulator. 
The electron beam will be provided by an RF gun. The 
first cryomodule for the ILCTA_NM will be built from a 
“kit” of parts supplied by DESY and INFN. The kit will 
include eight fully dressed cavities from DESY and a cold 
mass built by the Italian industry using the INFN support 
and drawings.  Assembly of the kit will take place at 
FNAL in the MP9/ICB Cryomodule Assembly Facility. 
The current schedule envisions this cryomodule to be 
ready for testing in June 2007. The second cryomodule 
for the ILCTA_NM will be built using TESLA cavities, 
processed with US facilities, and housed in a TTF Type 
III cold mass, produced in Italy by INFN. Coaxial blade 
tuners will be used for coarse and fast cavity tuning. 

In addition, Fermilab is completing two other test areas: 
the Vertical Test Facility (VTF) for the testing of 
“undressed” superconducting cavities at low power, and 
the Horizontal Test System (HTS) for the high power 
testing of the “dressed” cavities. These two facilities will 
be fully operational very soon. 

STF at KEK 
The Superconducting Test Facility, STF, under 

construction at KEK is also similar to TTF. A large 
dedicated area has been refurnished to allocate the clean 
room, the module assembly tools and the cryomodule test 
area with beam. Cavity processing is basically performed 
in collaboration with industry, following the same scheme 
successfully applied for TRISTAN. The existing R&D 
facility, famous for its outstanding achievements, has 
been partially renewed for research on single-call cavities, 
support to industry, cavity tumbling and vertical tests 
[13]. 



In the first phase, to speed up the learning process, the 
Type III TESLA cryomodule has been taken as reference 
for an independent development with industry of two 
short cryomodules allocating 4 cavities each. Assembling 
of these two modules has recently started to be completed 
and tested by spring 2007. For the first test just one cavity 
is been installed in each module, the first of the standard 
TESLA design and the second of the low losses “Ichiro” 
type. 

After the experience with the short cryomodules KEK 
is expected to actively joint Fermilab and INFN in the 
common development of the Type IV cryomodule that 
should be the first global prototype for the ILC. The 
importance of this Japanese strategy is going beyond the 
national interest. In fact with this strategy KEK could 
anticipate the system test of different solutions for the 
cavity design and for their major ancillaries, namely 
power couplers and tuners. The strong connection with 
industry is in progress and the participation of other group 
from Asia is growing, moving the system in the direction 
of the creation of a fully regional Infrastructure. 

Other Major Infrastructures 
Among the many other infrastructures for SCRF 

development it is worthwhile to quote at least the ones 
that are substantially contributing on the optimization of 
the ILC cavity design and processing and/or on the design 
and test of the cavity major ancillaries. A partial list 
includes certainly, in alphabetic order CEA-Saclay, 
Cornell, INFN-LASA, Jefferson Lab and LAL-Orsay. 

Through the ILC-GDE a better coordination among the 
different infrastructures and activities is in progress and 
the proposal for a second large regional SCRF 
infrastructure, to be located at CERN, is under discussion 
for an EU funding request.   

The goal of this infrastructure should be the setting of 
all the required process parameters for a reliable cavity 
production and module integration, transferable to 
industry and with a success yield of the order of 95%. 
These values are far away from what has been done up to 
now and would require the joint effort of most of the 
European competences, organized in a similar way of 
what was successfully done for the qualification and tests 
of the LHC magnets. In the scheme under discussion 
cavities would be produced by industry while the 
ancillaries would be delivered by the specifically 
qualified leading laboratories, as for example: LAL-Orsay 
for couplers, INFN-LASA for blade tuners. In the CERN 
central facility cavities would be tuned, processed and 
vertically tested.  

A throughput of 100 cavities/year is foreseen for 
statistics and reproducibility. Any partial treatment or cure 
on a tested cavity to possibly improve performances will 
be avoided, because the ILC “economics” will need a 
high cavity yield at the first test. To limit the number of 
cavity bodies to be produced, after each qualification test 
the cavity will be sent back to the beginning of the 
process as a new cavity. Up to 4 cycles are foreseen for 
each cavity structure. 

Ancillaries and cold masses to produce 3 
cryomodules/year should be also realized by the 
associated laboratories, the integration being then 
performed at the CERN infrastructure where they would 
be extensively tested. 

Possibly Europe and European institution will not 
decide to fund this challenging infrastructure because of 
the conflict with national programs applying for the same 
limited resources. Nevertheless I wanted to quote this 
dream infrastructure that was proposed at the European 
GDE Meeting in Oxford (October 2005) because it would 
be a very important step to meet the ILC requests. 

COORDINATED R&D EFFORT 
In parallel to the outlined effort for large regional 

infrastructure, the ILC-GDE organized a coordinated 
R&D effort focalized on the major technological issues 
that have to be addressed before the construction of the 
ILC, with all the subcomponents fabricated by industry 
according to well defined an proved receipts. This 
includes both the finalization of the component design 
and the definition of the receipts to be applied to obtain 
the required performances, with the impressively high 
MTBF (Mean Time Between Failure) and with a success 
yield close to 100%.  

A number of major arguments have been identified and 
a specific task force has been created to address each 
problem organizing a global coordinated effort. Five task 
forces have been established and are already working, the 
first three being dedicated to the superconducting linac. 
They are specifically addressing the following issues: 
• S0: High-Gradient Cavities. It addresses the current 

‘poor’ yield for electro-polished cavities. The primary 
goal is that to establish parameters for routinely 
producing 35 MV/m cavities with a success yield not 
lower then 80%. 

• S1: High-Gradient Cryomodules: It addresses the path 
to achieve 31.5 MV/m at a Q0=1010 as operational 
gradient in more than one module of 8 cavities 
including all the major ancillaries, as tuners and 
couplers, which could affect gradient performance. 

• S3: Test Linacs. Scope of the task force is to define the 
requirements for the cryomodule ‘string tests’, which 
includes at least one RF unit of 3 cryomodules. The 
definition of a comprehensive homogeneous set of 
measurements to be performed in the different regional 
infrastructures is judged as essential. 

• S4: Damping Ring. Scope is the identification and 
prioritization of DR related critical R&D. It includes 
the evaluation of available (and proposed) test 
facilities. 

• S5: Beam Delivery System:  
The ongoing effort and the obtained results are 

monitored and accessible to all the interested peoples 
through the ILC web page [11] where the presentations at 
the regular task force meetings are linked together with 
the documentation produced. 

 



CONCLUSIONS 
As TESLA in the past, ILC is now leading a consistent 

worldwide coordinated effort to move the SCRF 
technology to the level required to build a “cold” Linear 
Collider, with all the major components fully fabricated 
by industry and with the production of the major 
technologically appealing components distributed among 
the three Regions.  

In spite of the fact that most of the recent accelerator 
projects, under construction or being proposed, are 
extensively using SCRF technology, the TESLA/ILC 
driven activities are still leading the R&D process for a 
high quality industrialized product at a moderate cost. 

Industry is already producing turn-key reliable systems, 
including SCRF cavities and cryogenic ancillaries, but 
their cost and performances are not compatible with the 
requirements for the new large accelerators. The 
European X-FEL could possibly represent the first large 
scale applications based on the high gradient technology 
developed for the Linear Collider. Its realization would 
represent for Europe the best possible Regional 
Infrastructure for the ILC. 
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