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The International Linear Collider
Leif Jönsson

Lund University

Introduction
The physics case; some examples
The accelerator
The detector

• the vertex detector
• the TPC
• the calorimeter



Introduction
1995: 1st DESY/ECFA Workshop series on future e+e--colliders.

Uppsala, April 25-26, 1996: a symposium on Future Electron Accelerators and Free 
Electron Lasers
Lund, June 28-30, 1998 a workshop meeting in the series ‘2nd ECFA/DESY Study 
on Physics and Detectors’
2004: Important decisions:
Scientists from throughout the worldwide particle physics community have 
endorsed an electron-positron linear collider as the next high-energy particle 
accelerator.
The 12-member International Technology Recommendation Panel, chaired by Barry 
Barish of the California Institute of Technology, recommended that the world 
particle physics community adopt superconducting accelerating structures that 
operate at 2 Kelvin, rather than "X-band" accelerating structures operating at 
room temperature, as the technology choice for the internationally-federated 
design of a new electron-positron linear collider to operate at an energy between 
0.5 and 1 TeV.
"A linear collider is the logical next step to complement the discoveries that will be 
made at the LHC," Aymar said. "The technology choice is an important step in the 
path towards an efficient development of the international TeV linear collider 
design, in which CERN will participate.“
2004: EuroTeV,  2006: EURODET,  2009: DevDet?
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Physics
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The physics agenda for the ILC
• Higgs

- The Standard Model Higgs
- SUSY Higgs

• Non-SUSY extensions of SM
• SUSY

- Minimal Supersymmetric Standard Model  
(MSSM)
- The Minimal Supergravity model (mSUGRA)
- Gauge-Mediated SUSY Breaking (GSMB)
- Anomaly-Mediated SUSY Breaking (AMSB)

• Alternative theories
- Extra Dimensions
- Strong electroweak symmetry breaking
- Compositness

• Precision measurements
- Electroweak Gauge bosons
- Extended Gauge theories
- Top quark physics
- Quantum Chromodynamics

Very much the same as LHC
Why do we need the ILC?
Key words:
• Complementarity
• Precision

• J.A. Aguilar-Saavedra et al., hep-
ph/0106315

• T. Abe et al., hep-ex/0106055
• K. Abe et al., hep-ph/0109166
• G. Weiglein et al., hep-ph/0410364
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General remarks
LHC:
+ Large mass range for direct searches (6-7 TeV for singly produced particles, 2-

3 TeV for pair produced)
+ High luminosity (1034)
+ Access to coloured particles (squarks and gluinos)
- Huge QCD-background (irreducable)
- High collision frequency (25 MHz→pile-up of events)

ILC:
+ Cleaner experimental environment
+ Initial state well defined (important for precision measurements)
+ Precision measurements give indirect sensitivity to new physics beyond LHC 

(typically 10 TeV)
+ High luminosity (5·1034)
+ Favourable signal/background situation (reducable background)
+ Low collision frequency (can run ’triggerless’)
- Beamstrahlung background
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Higgs
LHC: Direct measurement of heavier Higgs (provided the bgr is manageable)

If h→γγ accesible then Δmh ≈ 200 MeV
Other decay channels give Δmh much worse

ILC: Precise measurements on light Higgs bosons

Higgs strahlung: e+e- → ZH
- Clear experimental signal
- ∆MH = 50 MeV

Theory: The prediction of mh is sensitive to radiative corrections from top 
⇒ needs Δmt < 0.1 GeV from ILC



Higgs couplings
• Important to measure the couplings to as many particles as possible.
• Some couplings can be determined independently from different observables 

whereas others are partially correlated
⇒ Extract Higgs couplings from a global fit to the measured observables

(σHZ, σHνν, BR(H0→WW), BR(H0→γγ), BR(H0→bb), BR(H0→ττ), BR(H0→gg), 
BR(H0→cc), σttH)

Accuracy δ(X)/X in the 
measurements of Higgs couplings



The Yukawa coupling
• Since the top quark decays much faster than the typical time for top hadron 

formation, it provides a clean source of fundamental information. Accurate 
measurements of mt, couplings (to gauge bosons and Higgs) and BR’s probe 
possible deviations to the SM. 
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• ILC: the Yukawa coupling htt can only be measured with limited precision at 
√s = 500 GeV for a light Higgs boson (few events). At √s = 800 GeV ILC will do a
good job (4-5 % accuracy)

• LHC: provides the tth production cross section ~ gttH x BR(h→bb or h→W+W-)
• ILC: provides precision measurements of BR’s

Combine LHC and ILC ⇒ Precision measurement

--

LHC ~ 10-30%



Higgs self-coupling
• The maybe most important measurement, after the Higgs has been established, is

the Higgs-boson self coupling, which is needed for the reconstruction of the
Higgs potential. Directly probed by multi-Higgs production.

V(ηH) = 1/2mH
2ηH

2 + λvηH
3 + 1/4ληH

4            ηH is the physical Higgs field
λ is the Higgs boson couplings

mH < 160 GeV
LHC:  Higgs pair production dominated by gluon fusion

Serious background problems ⇒ low sensitivity
ILC:  e+e- → ZHH ⇒ precision on λ ~ 23% for a lumi of 1 ab-1 √s = 500 GeV

mH > 160 GeV
LHC:  Higgs decay into W-pairs, SLHC gives a 20-30% measurement of λ 

However, to control systematic uncertainties associated with Higgs BR’s and
the top Yukawa coupling, information from the ILC is needed.
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Sparticle mass spectrum
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Mass determination

LHC: Edge effects in cascade decay
⇒ mass-differences
⇒ strong correlation between masses

Gluino decay:

m2(ll)={(m2(χ2
0)-m2(lR))(m2(lR)-m2(χ1

0))}/m2(lR)
~~ ~ ~ ~

m2(qll)={(m2(qL)-m2(χ2
0))(m2(χ2

0)-m2(χ1
0)}/m2(χ2

0)~ ~ ~ ~ ~
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Mass determination

where E+ and E- are the end point energies
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Supersymmetry
SPS1a input parameters: M1/2 = 250 GeV, M0 = 100 GeV, A0 = -100 GeV, sign(μ) = +, 
tanβ = 10
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Grand Unification in mSUGRA

For gauge couplings

For sparticle masses

SPS1a input parameters: M1/2 = 250 GeV, M0 = 100 GeV, A0 = -100 GeV, sign(μ) = +, tanβ = 10   
⇒ unification at MU = 2·1016 GeV
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Grand Unification in mSUGRA
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Accelerator
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Why a linear collider ?

e+ e-

~15-20 km

Energy loss per turn of a machine with an average bending radius r:

Linear Collider: no bends, but lots of RF !

For a Ecm = 1 TeV machine: Effective gradient G = 500 GV / 15 km
= 34 MV/m
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Why Super Conducting RF?
• Low RF losses in resonator walls

(The quality factor: Q0 ~ RF power stored/RF power lost)
(Q0 ≈ 1010 compared to Cu ≈ 104)
– high efficiency ηAC →beam
– long beam pulses (many bunches) → low RF peak power
– large bunch spacing allowing feedback correction within bunch train.

• Low-frequency accelerating structures
(1.3 GHz, for Cu 6-30 GHz)

very small wakefields
relaxed alignment tolerances
high beam stability

Wakefield: a particle going through an aperture induces charges and currents
which produce electromagnetic fields (wake fields) that act on later particles
Compare to a boat travelling in a canal; waves reflected against the boarders 
of the canal

- Resistive wall wakefield:
due to finite conductivity of cavities

- Geometric wakefield:
due to changes in vacuum chamber X-section
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TESLA Nine-Cell 1.3GHz Cavity

1 meter length

9-cell 1.3GHz Niobium Cavity
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ILC Technology Status
Accelerating Structures

Vertical (low power test)

Comparison of low and 
high power tests (AC73)
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Cryo modules



The Main Linac

36 9-cell 1.3 GHz Niobium 
Cavity

3 Cryomodules

1    10 MW Multi-Beam 
Klystron

10MW klystron
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The Baseline Machine (500GeV)

not to scale

~31 km

20 mr

2 mr BDS 5km

main linac ~10 km (G = 31.5 MV/m)

x2
e+ undulator @ 150 GeVR = 955m

E = 5 GeV

January 2006
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– Centralized injector incl. damping rings
– Single IR with 14 mrad crossing angle
– 500 GeV center of mass energy
– Dual tunnel configuration for safety and availability

ILC Reference Design – Feb 2007

main linac  ~11km (G = 31.5 MV/m)
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SHB: Subharmonic prebunching cavities
L-band: 0.5 – 1.5 GHz
S-band: 2 - 4 GHz
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11/03/2008 Leif Jönsson 34*Six dimensional cooling based on solenoid magnets surrounding RF cavities
*Emittance: the spread in space and momentum space of a beam 
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Damping ring
Radiation damping
Principle: - force the electrons to radiate synchrotron radiation, which reduces

the momentum spread in all directions 
- accelerate the electrons in the desired direction

Wiggler magnets: causes the electrons to oscillate transversely

Synchrotron radiation Acceleration



Damping ring
1 ms bunch train → 10-3s x 3·108m/s = 300 km ring



Fast feedback
Long bunch train ~ 3000 bunches over 1 ms ⇒ 337 ns between bunches
Multiple feed back system will be mandatory to maintain the nanobeams in collisions



TESLA IP Feedback



Data aquisition

up to 1 ms active pipeline (full train),
no trigger interrupt,
sparcification/cluster finding at FE
standardized readout units (RU)

readout between trains (200ms)

optional subdetector event building

event building network and farm 
complete train into a single PC !!

software event selection using
full information of a complete train
define 'bunches of interest'
move data only once into PC
and relevant data to storage
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ILC Projected Time Line

2005 2006 2007 2008 2015

CDR
TDR

GDI process

construction
commissioning

physics
site selection

International Funding

EUROTeV
Very aggressive!



The Global Design Effort GDE

• 3 Regional Design 
Teams

• Central Group with 
Director

• Goal: Produce an 
internal full costed 
ILC Technical 
Design Report by 
2008

European
Design
Group

US
Design
Group

Int.
Design
Group Asian

Design
Group



11/03/2008 Leif Jönsson 43

Detector



The detector



One quadrant side view



Precision measurements require:
good angular coverage (cos θ = 0.96)

proximity to IP, large lever arm:

5 layers, radii from 15 mm to 60 mm

minimal layer thickness ( < 0.1% X0 )

to minimise multiple scattering

mechanically stable, low mass support

low power consumption

High hit density near interaction point requires:
small pixel size: 20 μm × 20 μm

fast readout:

The vertex detector





The TPC

TPC read-out devices:

Conventional: MWPC + pads
-Positive ion feedback
-Resolution limited by the MWPC 
response

MPGD’s (Micro Pattern Gas Detectors):
-GEM (Gas Electron Multiplier)
-MicroMEGAS (Micro Mesh GAS 
detector)

e+,μ+

e–,μ–









The electromagnetic calorimeter
• Si-W calorimeter:  High granularity (~ 1x1 cm2)

(tracking calorimeter)            Expensive
Segmentation optimization (cost reduction)

• Tile fibre calorimeter: Modest granularity (4x4 cm2)
Segmentation optimization?
Fibre configuration?

• Shashlik calorimeter: Fibres run longitudinally
Longitudinal segmentation?
Scintillating fibre type?

• Scintillator strip calo: Orthogonally arranged

- Typical energy resolution: ΔE/E = 10 – 15%/√E



One of the jets in a 2-jet event at 91 GeV



The hadron calorimeter

Granularity is essential 
(’Imaging calorimeter’)
On/off read-out
Digital HCAL?



Single looped fibre
•strong fibre bending,
•most stress on fibres,
•probably ageing damages?

Centre/straight WLS-fibre Diagonal/bent WLS-fibre

No stress on fibre,
fibre end reflector

=tile reflector

L=7,85cmL=5cm

L=20cm

1.4 mm hole in centre 
•drilled and polished 
•For 5 cm straight WLS-fibre RO
•cheep, for SiPM’s only

more stress on fibre,
fibre end reflector

=tile reflectorL=7.85cm

clear RO fibres:
•l=1-3.5m to photo detector 
•light attenuation <18%

Light yield for MIP’s (used for calibration): 18-25 ph.e. on photo-cathode

The Hadron Calorimeter
Tile-fibre calorimeter 













The digital hadron calorimeter 

Uniformity within cell 3%

Very high granularity (~1cm2) with 1-bit read-out



Analogue/digital response for hadrons

Analogue calorimeter sum energy whereas digital calorimeter sum hits
Digital calorimeter: sampling fluctuations are fluctuations in the total number of 
tracks crossing the sensitive planes.





Summary

• The physics programme of both the LHC and the ILC will be
very rich

• The high energy of the LHC leads to a large mass reach for
the discovery of heavy new particles

• The clean experimental environment of the ILC allows
detailed studies of directly acceptible new particle and
gives rise to a high sensitivity to indirect effects of new
physics.

• The physics at LHC and ILC is complementary in many
respects
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Why Super Conducting RF?

• Low RF losses in resonator walls
(Q0 ≈ 1010 compared to Cu ≈ 104)
– high efficiency ηAC →beam

– long beam pulses (many bunches) → low RF peak power
– large bunch spacing allowing feedback correction within bunch train.

• Low-frequency accelerating structures
(1.3 GHz, for Cu 6-30 GHz)
– very small wakefields
– relaxed alignment tolerances
– high beam stability



The positron source

Thin single target
Undulator based
Location in linac
Impact on operation



ILC Projected Time Line
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