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Strategy

• European Strategy remains unchanged

• Full exploitation of the LHC

• Preparation of ILC

• R&D for future linear colliders

• DESY's efforts for a future lepton collider are fully embedded in this context

• Home of the SRF ➟ Special role for the ILC

• Vital element in "Physics at the Terascale"
Home of the ILC 

effort in
 Europe

be prepared
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Overview of engagement for ILC

• Management activities for the ILC

• One of three project managers from DESY (N Walker)

• Support for European GDE director

• and a few other exposed positions

• Address one of two critical issues identified

• High gradient programme for SRF

• e-cloud effect in damping rings (no further effort at DESY at this time)

• some contributions to accelerator system (positron source)

• Prepare an ILC detector

• R&D for detector technologies

• some synergies with LHC

• Advance a detector concept to maturity (ILD)
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ILC-HiGrade

• ILC-HiGrade is the Preparatory Phase project of the European Commission to work 
towards the realization of the International Linear Collider based on 
superconducting RF technology.

• The project is one of 30+ projects on the ESFRI list considered
technically mature for construction. The two HEP projects
SLHC-PP and ILC-HiGrade entered via the
C.E.R.N. Council strategy list

• In order to reach an early status of readiness for construction ILC-HiGrade 
addresses

• a key technical component that affects the cost, i.e.
SRF gradient with a goal of running the ILC at 31.5 MV/m (a 6% saving over the 
current state-of-the-art gradient)

• siting of the ILC and the formation of governance and financial structures in 
Europe that enable the realization of the project. The European Commission 
recognizes that this is a process with global implications

E U R O P E A N  R O A D M A P
F O R  R E S E A R C H 

I N F R A S T R U C T U R E S

Report 2006

European Strategy Forum
on Research Infrastructures ESFRI

third party 

funding
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Imbedded in Gobal Design Effort

• GDE has installed a Study Group for 
Governance

• Siting is a priority topic for ILC

• deep vs shallow tunnel

• single vs twin tunnel

• Cavity gradient is one of two critical research 
topics

• global effort with activities in Asia, America 
and Europe

• European effort based on XFEL engagement 
and ILC-HiGrade

Reference Design Report
                                            Detectors

August 2007
ILC-REPORT-2007-001

international linear collider

Reference Design Report
                                           Accelerator

August 2007
ILC-REPORT-2007-001

international linear collider

Reference Design Report
                                 Physics at the ILC

August 2007
ILC-REPORT-2007-001

international linear collider

Reference Design Report
                                 Executive Summary

August 2007
ILC-REPORT-2007-001

international linear collider

Reference Design Report is the 
basis for the Technical Design
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ILC Siting

• Current sample sites in 

• US (near FNAL)

• EU (CERN)

• Japan (several locations)

• Dubna offer a location that is 
particularly suited for shallow tunnel 
concepts

• will be used as an example for 
exploration of cost benefits
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ILC Tunnel
RDR

Installation Plan

the tunnels and components are shown in Figure 4.9.4.

FIGURE 4.9-4. Plan view of service tunnel components in Main Linac (upper). Cross section of two Main
Linac tunnels (lower).

4.9.5 Modelling
Installation planning of the large and complex ILC machine requires the creation of 3-D
computer models of all the major components as well as the underground facilities. To
create a cost effective, timely and safe installation plan, certain facility conditions must be
assumed to exist prior to installation. Some examples include the availability of utilities,
communication systems, above ground warehousing and equipment staging areas. Below
ground, the personnel access rules, including safety and emergency considerations, must be
defined and the schedule of equipment and tunnel availability must be known. Once these
and the details of the technical components are known, a very general model, both in time
and 3-D space, can be developed as is shown below for the main linac (see Figure 4.9.5).

Here the 72 man crew is working in a (moving) 1 km section of the tunnels at the 3
cryomodule per day rate, showing the different activities which spread over a 6 week time
span. Two crews are working independently starting at shafts 2 and 6 and working towards
shaft 4. Similar activities and crews will be working in other sections of the linac tunnels when
they become available. This is also true for the central complex of injectors and damping
rings.

The RDR estimate assumed a 3 year installation schedule, a six month period of ramp
up and on the job training, and a 75% efficiency. In tunnel activities are concentrated on day
shift, with transport and staging on swing shift. Figure 4.9.5, shows a model of multishift
manpower versus time, indicating the total manpower necessary to fit all of the installation

ILC Reference Design Report III-241

• ILC Reference Design Report is based on 
deep underground twin tunnel design. 

• XFEL will give the existence proof for a 1 km 
single tunnel e- linac near surface

• LHC & HERA expertise and CLIC planning 
effort

CERN, DESY & LAL
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ILC High Gradient Activity

• High gradient cavities @ 40 MV/m have been 
produced in prototypes

• XFEL will order ~800 cavities specified at ~23.5 MV/m

• ILC-HiGrade will add another ~30 cavities from the 
same industrial production process. They will receive 
special final treatment according to the findings from 
the XFEL batch

• Example: detailed surface inspection

• Use of FLASH to establish ILC-like operation

• 3 nC/bunch, 500 bunches @ 1 MHz established

DEVELOPMENT OF A HIGH RESOLUTION CAMERA AND

OBSERVATIONS OF SUPERCONDUCTING CAVITIES

Y. Iwashita, Kyoto University, Uji, Kyoto, JAPAN

H. Hayano, KEK, Ibaraki, JAPAN
Y. Tajima

#
, Toshiba Corporation , Yokohama, Kanagawa, JAPAN

Abstract
An inspection system of the interior surface of

superconducting RF cavities is developed in order to

study the relation between the achievable field gradient

and the defects of the interior surface.  The achieved

resolution is about 7 !m/pixel.  So far there are good

correlations between locations identified by thermometry

measurements and positions of defects found by this

system.  The heights or depths can be also estimated by

measuring wall gradients for some well-conditioned

defects.  The detailed system and the data obtained from

the system are described.

INTRODUCTION

Superconducting (Sc) accelerating cavities have been

developed more than ten years [i,ii,iii,iv].  The achieved

accelerating field gradient has been increasing with

progresses in fabrication process, while the yield of good

cavities has to be improved more for real applications

such as XFEL or ILC.  In ILC case, we need more than

1,5000 9-cell-cavities with more than 35MV/m gradient

and more than 80% yield.  The main obstacles against

the high gradient are thought to be Thermal Breakdown

(TB) and Field Emission (FE), supposedly caused by

defects on the surface with the size of order of 100 !m

and 1!m, respectively [v].  An optical inspection should

be a first choice for finding such defects [vi,vii].  In

order to find the former defects in 100 !m sizes on the

inner surface, we developed a high resolution camera.

The achieved resolution is about 7!m/pixel and objects

with more than several tens microns in size can be

observed.  This system revealed undiscovered defects at

just the inner sides of the locations predicted by passband-

mode and thermometry measurements.  

CAMERA SYSTEM

Camera Cylinder

The inner surfaces of the Sc cavities are highly

reflective but not perfect mirrors because of the surface

finish.  It makes the lighting for optical inspection very

difficult; uniform lighting tends to give flat image that has

no information.  We finally use ElectroLuminescence

(EL) sheets for the lighting.  In order to achieve a non-

destructive observation and keep the inner surface as

clean as possible, the camera system has a profile of

50mm diameter cylinder (see Fig.1).  This cylinder can

be inserted into even the Low Loss (LL) Cavities, which

have smaller iris diameters, while nothing protrudes from

the cylinder.  This structure has an advantage to a system

that moves a tiny camera in the cavity cell, where a mis-

operation of the camera movement might scratch the

surface.  The camera is installed in the cylinder looking

towards the head where a mirror reflects the interior

surface of a cavity.  The mirror can be tilted by a pulse

motor (PM) to show a surface other than the equator

region.  The focus is adjusted by motorized positioning

of the camera keeping the optical length (working

distance) between the object and the camera lens (see

Fig.2).  The camera used in this system is 1.5M pixel

three layered CMOS color camera (CSF5M7C3L18NR,

Toshiba-Teli) with c-mount for a lens interface, whose

pixel size is 5!5 !m.  A low distortion lens (VS-LD75,

V.S. Technology Corp.) with extension tubes installed

between the lens and the camera gives maximum

magnification factor of 0.7!.  Thus the maximum

resolution at the object surface corresponds to 7!m/pixel.

The illumination was performed by the EL sheets put on

the cylinder surface; they are separated because the

camera needs a window to look through.  The EL sheets

are further divided and turned on/off independently to

change the position of the light source.  This feature is

useful in estimating defect heights, which will be

explained later.  This structure cannot emit light from the
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Beyond critical issues

• Positron source development

• Baseline is an undulator source

• technological optimization/
prototyping in collaboration
with UK institutes

• positron polarization

• generation, measurement and transport

• Polarimetry

• at low and high energies

• Beam dynamics

• Beam delivery and Machine detector interface

• Advanced simulation tools available

The ILC Baseline Design

OMD
Collimator

(upgrade)

Booster Linac
(cryomodules to boost energy to 5 GeV)

Pre-accelerator
(125-400 MeV)

Target~147 GeV e–

150 GeV e–

Helical
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Damping Ring
Capture RF

(125 MeV)
e– Dump

 Dump

6-2007
8747A21

OMD

Pre-accelerator
(125-400 MeV)

Target
Capture RF

(125 MeV)
e– Dump

 Dump

KEEP-ALIVE SOURCE

500MeV e-

(not to scale)

FIGURE 1.3-3. Overall Layout of the Positron Source.

• the Ti-alloy target, which is a cylindrical wheel 1.4 cm thick and 1 m in diameter, which
must rotate at 100 m/s in vacuum to limit damage by the photon beam;

• the normal-conducting RF system which captures the positron beam, which must sus-
tain high accelerator gradients during millisecond-long pulses in a strong magnetic field,
while providing adequate cooling in spite of high RF and particle-loss heating.

The target and capture sections are also high-radiation areas which present remote hand-
ing challenges.

1.3.4 Damping Rings
Functional requirements
The damping rings must perform four critical functions:

• accept e− and e+ beams with large transverse and longitudinal emittances and damp to
the low emittance beam required for luminosity production (by five orders of magnitude
for the positron vertical emittance), within the 200 ms between machine pulses;

• inject and extract individual bunches without affecting the emittance or stability of the
remaining stored bunches;

• damp incoming beam jitter (transverse and longitudinal) and provide highly stable
beams for downstream systems;

• delay bunches from the source to allow feed-forward systems to compensate for pulse-
to-pulse variations in parameters such as the bunch charge.

System Description
The ILC damping rings include one electron and one positron ring, each 6.7 km long, oper-
ating at a beam energy of 5 GeV. The two rings are housed in a single tunnel near the center
of the site, with one ring positioned directly above the other. The plane of the DR tunnel is
located ∼10 m higher than that of the beam delivery system. This elevation difference gives
adequate shielding to allow operation of the injector system while other systems are open to
human access.

The damping ring lattice is divided into six arcs and six straight sections. The arcs are
composed of TME cells; the straight sections use a FODO lattice. Four of the straight sections
contain the RF systems and the superconducting wigglers. The remaining two sections are
used for beam injection and extraction. Except for the wigglers, all of the magnets in the

ILC Reference Design Report III-11

affecting 

detector layout
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Beyond ILC

• Several concepts for gradients beyond what is technologically established

• Cavities ~0.1 GV/m

• Lasers and dielectrics ~1 GV/m

• Plasma ~10 GV/m

• DESY will follow the global developments and explore the options for a focussed 
engagement in the subsequent funding period

• Seeking joint effort with Alliance "Physics at the Terascale"

initially not a 

priority
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ILC Detector R&D collaborations

• Vertex detector

• qualification of MAPS and other Si-technologies, supportive 
infrastructure

• LC-TPC

• TPC for ILC; fine-grained readout, low-mass tracking detector ( goal 
10%X0)

• CALICE

• HCAL large-scale prototype readout with SiPM

• FCAL

• high rate forward calorimetry with integrated compact electronics and 
optical readout (direct application also at LHC)
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ILC Detector R&D collaborations

• R&D efforts fully embedded in the international effort to arrive on a conclusion 
for optimal detector design

• Particle flow algorithm (PFA) can only be validated in a complete detector 
(not only calorimeter)

• Hence R&D collaborations have to resort to detector concepts to fully assess 
the performance of their detector component

• They also depend on comprehensive software support in order to simulate 
and analyze their detectors

• Longstanding effort at DESY
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DETECTOR CONCEPTS

FIGURE 3.4. View of the LDC detector concept, as simulated with the MOKKA simulation package.

particle in the event, both charged and neutral ones. This pushes the detector design in a
direction where the separation of particles is more important than the precise measurement
of its parameters. In particular in the calorimeter, the spatial reconstruction of individual
particles takes precedence over the measurement of their energy with great precision. Because
of this the proposed calorimeters - both electromagnetic and hadronic - are characterised by
very fine granularity, both transversely and longitudinally while sacrificing somewhat the
energy resolution. The concept of particle flow in addition requires a detection of charged
particles with high efficiency in the tracker. Thus the overall design of the detector needs to be
optimised in the direction of efficient detection of charged particles, and a good measurement
of the neutral particles through the calorimeters.

In more detail the proposed LDC detector has the following components:

• A five layer pixel-vertex detector (VTX). To minimise the occupancy of the innermost
layer, it is only half as long as the outer four. The detector, the technology of which has
not yet been decided, is optimised for excellent point resolution and minimum material
thickness;

• a system of Si strip and pixel detectors beyond the VTX detector. In the barrel region
two layers of Si strip detectors (SIT) are arranged to bridge the gap between the VTX
and the TPC. In the forward region a system (FTD) of Si pixels and Si strip detectors
cover disks to provide tracking coverage to small polar angles;

• a large volume time projection chamber (TPC) with up to 200 points per track. The
TPC has been optimized for excellent 3D point resolution and minimum material in
the field cage and in the endplate;

• a system of ”linking” detectors behind the endplate of the TPC (ETD) and in between

IV-26 ILC Reference Design Report

ILD detector concept

• ILC is a merger of the former LDC (aka TESLA) 
and the GLD design

• Intense collaboration and exchange between 
Japanese and European groups

• DESY centrally involved in management and 
coordination of ILD

• en route to preparing the conceptual design 
for submission to Research Director for 
validation by IDAG

The GLD Concept
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FIGURE 3.6. Schematic view of two different quadrants of the GLD Detector. The left figure shows the
rφ view and the right shows the rz view. Dimensions are given in meters. The vertex detector and the
silicon inner tracker are not shown here.

The iron return yoke and barrel calorimeters are 12-sided polygons, and the outer edge of
the HCAL is a 24-sided polygon in order to reduce any unnecessary gaps between the muon
system and the solenoid, the HCAL and the solenoid, and the TPC and ECAL.

In addition to the baseline configuration, GLD is considering adding silicon tracking be-
tween the TPC and the ECAL in the barrel region to improve the momentum resolution
further, and TOF counters in front of the ECAL to improve the particle identification capa-
bility.

3.3.1 Vertex Detector

The inner radius of the vertex detector is 20 mm and the outer radius is 50 mm. It consists
of three doublet layers, where each doublet comprises two sensor layers separated by 2 mm.

In the baseline design, fine pixel CCDs (FPCCDs) serve as the sensors for the vertex
detector. The FPCCD is a fully depleted CCD with a pixel size of order 5 × 5 µm2. Signals
integrated during the entire ILC beam train of about 1 msec are stored in the pixels and read
out during the 200 ms between trains.

In the FPCCD option, the pixel occupancy is expected to be less than 0.5% for the inner
most layer (R=20 mm, assuming B=3 T and the ILC nominal machine parameters [32]).
The hit density is, however, as high as 40/mm2. Coincidences between the two sensors in
a doublet layer help to determine the track vectors locally and discriminate against these
background hits. Signal shape is also taken into account to reduce the number of background
hits during the track reconstruction.

Track reconstruction errors are minimized by using very thin sensors (much less than

ILC Reference Design Report IV-33
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Potential developments (additional funding)

• ILC machine

• prepare and extend the XFEL production capabilities at DESY and with industry 
for a smooth startup and continuation for ILC mass production

• ILC detector office

• Coordinate tests of detector options at the system level

• integrate European developments into an ILC detector

• support for German universities
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Summary of Programme

• Programme for preparation of a Linear Collider primarily targeted towards 
maintaining readiness for rapid realization of the ILC

• the only option to respond quickly to the physics exploration needs for a TeV 
linear collider

• addresses key issues of the accelerator

• prepares one of the detector concepts (ILD)

• Consolidation an energetic detector development programme at DESY for ILC and 
sLHC at DESY

• infrastructure

• Exploration of the options for future lepton colliders at very high energies
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