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International Linear Collider

• Introduction to the
International Linear Collider (ILC)

• ILC Physics Motivation
• ILC accelerator

– component choice
– cost
– engineering phase

• ILC Status
– Timelines
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Brief History of e+e- LC

• SLC proved the viability of the linear collider concept
• over the past >15 years consensus emerged that the 

next big project of physics (after the completion of 
the LHC) should be a linear e+e- collider

• TESLA proposal in 2001 introduced a 500 GeV 
machine in SC technology; NLC and JLC were 
developed in parallel

• In 2004 the technology decision was taken in favour 
of SC technology and the Global Design Effort 
(GDE) was launched for the "ILC"

• In 2007 the Reference Design Report RDR was 
issued

3



E. Elsen – 406. Heraeus Seminar, Bad Honnef 2008 4

Jan06 July Dec

Freeze Configuration
Organise for RDR

Bangalore

Review 
Design/Cost 
Methodology

Review Initial
Design / Cost Review Final

Design / Cost
RDR Document

Design and Costing Preliminary
RDR

Released

Frascati Vancouver Valencia Beijing

Feb

SLAC

Towards the RDR

Daegu

Aug07

RDR
complete



E. Elsen – 406. Heraeus Seminar, Bad Honnef 2008 5

ILC Reference Design Report

The RDR is not a full engineering design - it is 
conceptual; some aspects require R&D. It forms reliable 
basis for detailed engineering design & costing.

Reference Design Report
                                 Executive Summary

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
                                           Accelerator

August 2007
ILC-REPORT-2007-001

international linear collider

Reference Design Report
                                            Detectors

August 2007
ILC-REPORT-2007-001

international linear collider

~700 Contributors from 84 Institutes
available from http://www.linearcollider.org

http://www.linearcollider.org
http://www.linearcollider.org
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ILC Parameters (specified)

• Ecm adjustable from 200 – 500 GeV

• Luminosity   ∫Ldt = 500 fb-1 in 4 years
(corresponds to 2×1034 cm-2s-1 with a start-up profile)

• Ability to scan between 200 and 500 GeV

• Energy stability and precision below 0.1%

• Electron polarisation of at least 80%

• The machine must be upgradeable to 1 TeV!
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e+e- versus pp

• LHC
– discovery machine

• ILC
– elementary particles
– well-defined energy, 

angular momentum
– produces particles 

democratically
– captures nearly the 

full information 
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LHC vs ILC
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LHC ILC

total energy 14 TeV 0.5-1 TeV

usable energy a fraction full

beam composite point-like

signal rate high low

background very high low

analysis specific modes nearly all modes

reconstruction loose along beam full event

status soon to start design to be completed
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Physics case of the ILC

• Discover the secrets of the Terascale
• shed light on dark matter
• reveal the ultimate unified theory

9

these goals are to be accomplished in concert with 
a diversified worldwide program of accelerator and 

non-accelerator experiments, including LHC, 
neutrinos, astrophysics, etc.

J.Lykken, 

Vancouver 06
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Discover the secrets of the Terascale

• Mass generation: either a “simple” Higgs, a 
complicated “Higgs sector”, or a “something else”. 
– Precision detectors at a 500 GeV ILC are the ideal 

instruments to discover what is happening in the 
first two cases, and will be indispensable in all 
cases. 

• Formation of the Terascale: supersymmetry, extra 
dimensions, new forces, ... 
– At the ILC, observing new particles, and new 

interactions of known particles, will reveal the 
secrets of this larger universe.
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Higgs Recoil mass

11

Detector Concepts
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FIGURE 3.1. Higgs recoil mass spectra for tracker momentum resolution, δpt

p2
t

= a ⊕ b
pt sin θ , for 120 GeV

Higgs mass,
√

s = 350 GeV, and 500 fb−1.

ment must veto electrons in a high radiation and high background environment. Measurement
of the energy deposited by beamstrahlung pairs and photons in the BeamCal and associated
photon calorimeter (GamCal) provides a bunch-by-bunch luminosity measurement that can
be used for intra-train luminosity optimization. Beam parameters can also be determined
from the shapes of the observed energy depositions given sufficiently fast readout electronics
and adequate high bandwidth resolution. Near the beampipe the absorbed radiation dose is
up to 10 MGy per year.

Polarimetry and beam energy spectrometry must be able to achieve very low systematic
errors, with beam energy measured to 200 ppm, and polarization to 0.1%. High-field su-
perconducting solenoid designs must be refined, with development of new conductors. The
solenoid design must also accommodate dipole and solenoid compensation, have high field
uniformity, and support push-pull. Muon detectors must be developed.

Detector system integration depends on engineering and design work in several areas.
Stable, adjustable, vibration free support of the final quadrupoles is needed. Support of the
fragile beampipe with its massive masking is also a concern. The detectors are required to
move on and off beamline quickly and reproducibly (“push-pull”). The detectors must be
calibrated, aligned, and accessed, without compromising performance.

Research and development on all of these detector issues must be expanded in order to
achieve the needed advances.

3.2 DETECTOR CONCEPTS

Four detector concepts are being studied as candidate detectors for the ILC experimental
program. These represent complementary approaches and technology choices. Each concept
is designed with an inner vertex detector, a tracking system based on either a gaseous Time
Projection Chamber or silicon detectors, a calorimeter to reconstruct jets, a muon system, and
a forward system of tracking and calorimetry. Table 3.1 presents some of the key parameters

ILC Reference Design Report I-27

Tracker resolution matters
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shed light on dark matter

• More than 80% of the matter in the universe 
is cold dark matter.  Probably it consists of 
more than one stable component.  Probably 
at least one is a thermal “WIMP” relic. 

• To discover the identity of such dark matter, 
we must know how it interacted with itself and 
other exotics after the Big Bang. 
– ILC can produce such particles and the other 

most relevant exotics. 
– ILC measurements will have the precision to 

identify the fingerprints of dark matter.
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Relic Density vs neutralino mass
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The New Landscape of Particle Physics
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FIGURE 1.2. Accuracy of relic density (Ωχh2) and mass determinations for neutralino dark matter. Com-
parison of the LHC and ILC data with that of the WMAP and Planck satellites test neutralinos as the
dark matter. (ALCPG Cosmology Subgroup, from chapter 7, volume 2: Physics at the ILC, ILC Reference
Design Report)

1.2 THE NEW LANDSCAPE OF PARTICLE PHYSICS

During the next few years, experiments at CERN’s Large Hadron Collider will have the
first direct look at Terascale physics. While those results are unpredictable [4], they could
considerably enhance the physics case for the ILC. Possible discoveries include the Higgs
particle, a recurrence of the Z boson(the Z′), evidence for extra dimensions, or observation of
supersymmetry (SUSY) particles. Like the discovery of an uncharted continent, exploration
of the Terascale could transform forever the geography of our universe. Equally compelling
will be the interplay of LHC discoveries with other experiments and observations. Particle
physics should be entering a new era of intellectual ferment and revolutionary advance.

If there is a Higgs boson, it is almost certain to be found at the LHC and its mass measured
by the ATLAS and CMS experiments. If there is a multiplet of Higgs bosons, there is a good
chance the LHC experiments will see more than one. However it will be difficult for the LHC
to measure the spin and parity of the Higgs particle and thus to establish its essential nature;
the ILC can make these measurements accurately. If there is more than one decay channel
of the Higgs, the LHC experiments will determine the ratio of branching fractions (roughly
7-30%); the ILC will measure these couplings to quarks and vector bosons at the few percent
level, and thus reveal whether the Higgs is the simple Standard Model object, or something
more complex.

This first look at Terascale physics by the LHC can have three possible outcomes. The first
possibility is that a Higgs boson consistent with Standard Model properties has been found.
Then the ILC will be able to make a more complete and precise experimental analysis to
verify if it is indeed Standard Model or something else. The second possibility is that a Higgs
boson is found with gross features at variance with the Standard Model. Such discrepancies
might be a Higgs mass significantly above Standard Model expectations, a large deviation in

ILC Reference Design Report I-3
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reveal the ultimate unified theory

• Discoveries at the ILC, the LHC and elsewhere 
will give us a more fundamental understanding of 
the laws of nature and of the origin of the 
universe. How far can we go? 
– With supersymmetry, precision measurements at 

the Terascale become a telescope to the energies 
of ultimate unification. 

– ILC measurements could reveal unification of 
forces, unification of matter, signals of extra 
dimensions, and other telltale clues of 
superstrings.

14
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Overall Layout of the ILC

1st Stage: 500 GeV
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Basic Parameters

Max. Centre-of-mass energy 500 GeV

Peak Luminosity ~2x1034 cm-2s-1

Beam Current 9.0 mA

Repetition rate 5 Hz

Average accelerating gradient 31.5 MV/m

Beam pulse length 0.95 ms

Total Site Length 31 km

Total AC Power Consumption ~230 MW
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Electron Source System

•~2600 bunches, ~1 ms,  2x1010 at DR
•>80 % polarisation
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Positron Source

• 3 possible positron generation schemes have been 
proposed

A) Standard method: a few GeV electron on target
B) Undulator scheme: use photons from >100 GeV 

electron through undulator
C) Compton scheme: use photons from a few GeV 

electron through laser-Compton scattering
• Scheme B) has been selected as the baseline

– C) is immature
– Cost saving by A) is not significant. Physics descoping 

(no positron polarisation) 
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Positron Source

• Undulator scheme - Baseline
– Electron beam at 150 GeV

– Undulator
• Helical, superconducting
• length 147 m (longer for polarised e+)
• K = 0.92, λ = 1.15 cm,  (B = 0.86 T)

– Separate source for commissioning forseen
• 10 % intensity
• Share 5 GeV linac
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Damping Ring Issues

• Injection/extraction kickers
• Instabilities

– Electron-cloud, Fast Ion, …
• Dynamic aperture
• Tuning for low emittance 

Electron-cloud topic remains a high priority research 
issue for ILC damping ring

• Machines available for tests

– KEK-ATF

– CesrTA (special NSF programme)
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Kicker System

• Number of bunches ~3000 (6000 desirable)
• 300 ns interval in linac; total length for 1 ms train 
→ 300 km

• Store compactly in DR (6 km circumference → 
~6 ns bunch to bunch)

• Bunch by bunch extraction in 300 ns intervals
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Electron Cloud

• Secondary electrons attracted by positron beam cause 
an instability

• Maximum of Secondary Electron Yield (SEY) should be 
< 1.1

• Possible cures
– Coating with NEG
– Solenoids in free field 

region
– Grooves on chamber 

wall
– Clearing electrode

• Confident enough to baseline
single e+ damping ring
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Main Linac Layout
Penetrations:
Cable & Plumbing
Waveguide

LLRF, Controls,
Protection Racks

Charger

Main Modulator

HV Pulse Transformer

Horizontal Klystron

LCW Chiller

AC Switchgear

Waveguide 
Distribution
System 

Dwg: J. Liebfritz

• 2 tunnels diameter 4.5 m
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Main Linac RF Unit Overview
• Bouncer type modulator
• Multibeam klystron (10 MW, 1.6 ms)
• 3 Cryostats (9+8+9 = 26 cavities)
• 1 Quadrupole at the centre
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Cavities
• Baseline: TESLA-type 1.3 GHz

– Identical to XFEL cavities
• beam-tubes shorter

• Accelerating gradient
– Vertical test

• >35 MV/m, Q>0.8x1010

– Average gradient in cryomodule  
• 31.5 MV/m, Q>1x1010

•    With the presently available technology
–  Average gradient lower than 31.5 MV/m
–  Spread of gradient large 
–  If uniform distribution in 
    22<G<34 MV/m, average 28 MV/m:
    Cost increase ~7% w.r.t 31.5 MV/m

Dedicated effort to push gradient 
reproducibility under way (L.Lilje talk)
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DESY

Module Test History
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Module Tests at DESY
• High gradient modules 

have been assembled
– FLASH

• Test in dedicated test 
stand possible e.g.
– Cavity performance
– Thermal cycles
– Heat loads
– Coupler 

conditioning
– Fast tuner 

performance
– (LLRF tests)

• Part of the ongoing 
preparatory work for 
XFEL
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Modulator

• Baseline
– Bouncer-type modulator

• Design at FNAL
– Has been working for >10 years at TTF at DESY
– No major technical issues
– XFEL choice

– Design improvements (within XFEL industrialisation)
• More cost-efficient design under way
• Redundancy of internal components for higher availability

• Alternative:
– Marx Modulator 

• Under development at SLAC
• Smaller size
• No step-up transformer
• Potentially high cost saving
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Klystrons

• Requirements:
–  10 MW
–  1.6 ms
–  5 Hz
–  lifetime for full power >40000 hrs 

• Baseline solution: Multi-beam klystron
– Use multiple beams of low charge
– Lower space-charge effects
– Lower voltage (120 kV)
– Higher efficiency (~65 %)

• Prototypes from 3 manufacturers for the European XFEL (higher repetition rate: 10 Hz)
– Thales and Toshiba MBKs being successfully tested at DESY at full spec

• for > 1000 hrs
• Several klystrons under varying operating conditions at FLASH, PITZ and test 

stand
• Horizontally mounted klystron needed for small tunnel diameter (first tests at Toshiba)

– XFEL develops this with industry
• More lifetime testing going on (eventually also at SLAC)

– At DESY all tubes now in operation show no sign of degradation
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Cryogenics System

• 1 cryogenic plant covers 2.5km linac length.
– Installed power ~4.5MW

• Total 10 plants
– installed power ~45MW 
– comparable to LHC cryogenics system
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Beam Delivery System (BDS)
• From main linac exit to IP (Interaction Point) 

and to the beam dump

• Roles of BDS
– Focus the beam to the desired spot size for 

collision
– Remove beam-halo to minimise the 

background events
– Protect the beam-line and detectors against 

mis-steered beam
– Diagnostics of the linac beam
– Safely dump the spent beams
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Single IR with Push-Pull Detectors

• Large cost savings compared with 2 IR
– ~200 M$ compared with 2 IR with crossing 

angles 14 + 14 mrad - much more if one
 IR has “small angle” crossing.

• Push-pull detectors
– Task force from WWS and GDE formed
– Conclusion is

• No show-stoppers
• But need careful design and R&D works
• 2IR should be left as an 'Alternative'
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detector
A

detector
B

may be 
accessible 
during run

The concept is 
evolving and 
details are being 
worked out

detector
B

detector
A

IR Hall for push-pull

detector
A

detector
B

Platform for electronics and 
services (~10×8×8m3). Shielded 
(~0.5m of concrete) from five 
sides. Moves with detector. Also 
provide vibration isolation.

accessible 
during run
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BDS (Beam Delivery System)

• Single IR and push-
pull detector

• Total length 4.45 km
• 1 TeV upgrade by 

inserting 
components (no 
geometry change)
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BDS Layout
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Interaction Region

• Crossing angle 14 mrad
• Final quadrupole magnets

– Superconducting (QD0 in detector magnetic field)
– Out-going beam goes outside



E. Elsen – 406. Heraeus Seminar, Bad Honnef 2008 37

RDR Cost reduction
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Further cost reduction ideas deferred to engineering phase 
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ILC COST
The reference design was
“frozen” on 1-12-06 for 
RDR production, including 
costs.

Important to realise this
is a snapshot; design will
continue to evolve, due to 
R&D, accelerator studies
& value engineering.

The value costs have
already been reviewed 
many times.

Σ Value =  6.62 B ILC Units

Summary
RDR “Value” Costs

Total Value Cost (FY07)
4.80 B ILC Units Shared

+
1.82 B Units Site Specific

+
14.1 K person-years

(“explicit” labour = 24.0 M person-
hrs @ 1,700 hrs/yr) 

1 ILC Unit = $ 1 (2007)
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ILC Value – by Area Systems

Conventional Facilities 
Components

Main
Cost

Driver
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ILC Value – by Technical Systems
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BCD Construction    Startup

2006 2010 2014 2018

RDR EDR Begin
Const

End
Const

Engineer
Design

All regions ~ 5 yrs

Siting Plan being Developed

Site 
Prep

Site 
Select

R & D   –  Industrialisation

Detector 
Install

Detector 
Construct

Future - Technically Driven Timeline
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Black December 2007

• In a dispute between US president and 
legislative non-approved science projects are 
faced with drastic funding reductions

• Faced with a budget deficit the UK decide to 
stop ILC R&D (and other engagements)

• US R&D programme for the ILC comes to a 
halt; a short term US site for the ILC is not 
realistic

• Role of European and Japanese sites 
become more relevant; the CERN site 
creates a stronger "entanglement with the 
LHC"

42
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Consequences

• A decision on a Linear Collider will have to 
await the successful start-up of LHC

• ILC is ready for (European style) approval to 
date
– Technical Design Phase I (2008-2010)

cost/performance optimisation
• High-gradient programme
• Damping ring studies
• Conventional facilities cost reduction

– Technical Design Phase II (2010-2012)
• engineering level design

43
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BCD

2006 2010 2014 2018

RDR
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Site 
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EDR

Engineer
Design

Plan prior to
 US 

funding cuts in 

Dec 07)

LHC Results
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Summary and Outlook
• Reference Design Report published in August 2007

– truly international design
– machine is well understood

• and ready for old-style approval
– remaining R&D and optimisations over the next few years 

• Technical Design Phase I till 2010
• Technical Design Phase II till 2012

• Job of the GDE is two-fold
– produce the blueprint for ILC construction containing (and 

hopefully reducing) cost so that governments have to act
– mount political and scientific campaign to convince them 

and the general public that the ILC is a good investment.
• In parallel, WWS optimising the selection process for two detectors

– Have to present the full impact to the politicians
• It is now also clear that the success of this effort is tightly coupled 

to the success of LHC


