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What is the International Linear Collider?
The International Linear Collider (ILC) is a proposed electron-

positron collider that would answer questions about some of the

deepest mysteries in the universe – What is the nature of mass? Are

there extra dimensions? What is the dark matter that makes up 95%

of the universe? Consisting of two linear accelerators that face each

other, the ILC would accelerate beams of electrons and positrons

toward each other at nearly the speed of light.

In the ILC, some 20 billion electrons and positrons are squeezed

into beams approximately 40 nanometers thick – thinner than a

strand of hair. Positrons and electrons speed toward each other from

opposite ends of the collider. Superconducting accelerator cavities

operating at temperatures near absolute zero give the particles more

and more energy until they smash in a blazing crossfire at the center

of the machine. Scientists make the particles collide approximately

14,000 times every second at a higher-than-ever energy, creating an

array of new particles.

How Will the International Linear Collider Work?
A baseline design now exists for an approximately 30-kilometer-long, 500 billion-electron-volt (GeV) machine

and allows for an upgrade to a 50-kilometer-long, 1 trillion-electron-volt (TeV) machine during the second stage

of the project.

Electron Source: To produce electrons, high-intensity pulses of light

from a titanium-sapphire laser hit a target and knock out electrons.

The laser emits 2-nanosecond “flashes,” each creating billions of

electrons.

Positron Source: Positrons have the same properties as electrons

but the opposite electric charge. To produce these antimatter

particles, scientists will send the electron beam through an

undulator. Magnets within the undulator bring the beam into gentle

wavelike motion, causing the electrons to emit lots of light particles

(photons) in the forward direction. Just beyond the undulator, the

electrons return to the main accelerator while the photons hit a

titanium alloy target, producing positrons.

Damping Rings: The 6-kilometer circular damping rings, located at

either end of the machine, play a crucial role in reducing the special

Image courtesy of Mr. Shigemi Numazawa, for

non-profit and  academic use only

the  ILC project (a few words)

physics at ILC

ILC versus LHC
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 Particle physics colliders to date have all been circular 
machines (with one exception – SLAC SLC).
 Highest energy e+e− collider was LEP2: ECM=200 GeV 

Energy

• as energy increases at given radius
  ΔE ~ E4/ρ      (synchrotron radiation)                     
e.g. LEP ΔE=4 GeV/turn; P~20 MW

• high energy in a circular machine 
becomes prohibitively expensive – 
large power or huge tunnels.
• go to long single-pass linacs to 
reach desired energy.

Why a linear collider?

Linear Collider

Circular
Collider

we are here

cost

e+ e-
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  in 2002,    ICFA      ILCSC   
Technology decision in 2004 : use superconducting RF (~TESLA)

 the International Linear Collider ILC
the baseline:

- e+ e- LC operating from MZ to 500 GeV, tunable energy !

- e- polarization  (at least 80%)

- at least 500 fb-1 in the first 4 years

- upgradable to ~ 1 TeV , 500 fb-1 /year  

options :

- e+ polarization , transverse polarization
- GigaZ (high luminosity running at MZ)
- e-e-, γγ,  eγ  collisions

 Global Design Effort
    (GDE)  started (2005) 

A lot of flexibility !

. . . in 90’s  DESY, SLAC, KEK  involved in different projects
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Globa l   Effort  on 
Design / R&D

 (none can afford this project 
alone ! ) 

Joint Design, Implementation, Operations, Management
Host Country Provides Conventional Facilities

US

Asia

EU

Present                 
GDE Membership 

Americas 22    
Europe     24         
Asia          18

About 30 FTEs



Barbara Mele Hadron 07, LNF,  12 October 2007 5

ILC parameters

L = 2 x 1034 cm-2 s-1

105 annihil.s/sec

Bunch spacing  337 ns
Bunch train length 950 µs
Train rep rate  5 Hz
Beam height at collision6 nm
Beam width at collision 540 nm
Accel. Gradient  31.5 MV/m
Wall plug effic.  23%
Site power (500 GeV) 140 MW

Source, 
damping 
ring

Interaction pt.  
beam 
extraction
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Physics at the LHC and ILC in a nutshell
LHC: pp scattering at 14 TeV

Scattering process of proton
constituents with energy up to
several TeV,
strongly interacting
⇒ huge QCD backgrounds,
low signal–to–background
ratios

ILC: e+e− scattering at
≈0.5–1 TeV

Clean exp. environment:
well-defined initial state,
tunable energy,
beam polarization, GigaZ,
γγ, eγ, e−e− options, . . .
⇒ rel. small backgrounds
high-precision physics

The LHC / ILC Connection, G. Weiglein, Snowmass 08/2005 – p.3
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mainly  high-precision physics at ILC !

 can determine properties of New Discoveries at LHC
 (cross sections, BR’s, Quantum numbers).

 can detect what is “invisible” at LHC.

 can measure radiative EW precision pattern of     
Standard Model observables with higher precision        
 extends new-physics potential (deep into multi-TeV 
 region) even in case of no new particle observed at 
 LHC.

7
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Intern. Study Groups active in different 
Physics fields  (since many years . . .)

Higgs

Supersymmetry

Beyond the 
Standard Model

Top / Quantum 
Chromodynamics

LHC/ILC 
Connections

Cosmological 
Connections

Radiative 
Corrections 
(Loopfest)
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Precision Higgs physics at the ILC

• model-independent observation

• mass

• absolute branching ratios

• total width (mod.indep.)

• spin, CP

• top Yukawa coupling

• self coupling
most

 measu
rements

 

at t
he perce

nt l
evel !

Garcia-Abia et al
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Determining Higgs couplings

• in the SM, Higgs couplings 
are directly proportional to 
mass.   Measuring these 
couplings is a sensitive test 
of whether we have only the 
SM or some extension.  

• in the clean environment of the ILC, it is possible to 
distinguish  Higgs decays to b, c, and lighter quarks; e, µ, τ, 
and W, Z and thus directly measure these couplings.  

• this requirement sets one of the key criteria for ILC detectors – 
a very finely grained Si vertex pixel detector at small radius.

XXX 8

ILC HIGGS ANALYSIS

Higgs couplings / mod.independent

MH < 140 GeV rich: Z, W, t, b, c, τ

MH < 140 GeV red.: Z, W, t, (b)

Higgs coupling – mass relation:

g(Hpp) =
p

2
√

2GF mp

⇐ proving mass generation by inter-

action with Higgs field 101 100Mass (GeV)

0.01
0.1
1

Coupl
ing co

nstant
 to Hig

gs bos
on (κ ι)

Coupling-Mass Relation

c τ b
W ZH

t

AAA ACFA LC Study
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Applications of precision Higgs couplings

Especially the Higgs-coupling mea-
surements are a powerful test of the
model that LHC cannot do

Baryogenesis

2HDM Higgs-Radion mixing

ALPG meeting, Vancouver, 07/06 6 K. Mönig



Barbara Mele Hadron 07, LNF,  12 October 2007 12

Some examples of recent results
Higgs coupling determination at LHC ⊕ ILC:
LHC can directly determine only ratios of couplings
Need additional (mild) theory assumptions to obtain absolute
values of the couplings
[M. Dührssen, S. Heinemeyer, H. Logan, D. Rainwater, G. W., D. Zeppenfeld ’04]

⇒ Use ILC input instead of theory assumption

Fit of Higgs couplings with input from LHC and ILC
[K. Desch, M. Dührssen, S. Heinemeyer, H. Logan, D. Rainwater, G. W.,
D. Zeppenfeld ’05, preliminary]
MH, σ(e+e− → HZ), BR(H → bb̄, τ+τ−, gg,WW ∗),
σ(e+e− → νν̄H) × BR(H → bb̄)

The LHC / ILC Connection, G. Weiglein, Snowmass 08/2005 – p.17
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Comparison: LHC only vs. LHC ⊕ ILC
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⇒ higher accuracy on gHtt̄ (and also gHγγ) than for LHC alone
(+ theory) and ILC500 alone: ∆gHtt̄/gHtt̄ ≈ 11–14%

The LHC / ILC Connection, G. Weiglein, Snowmass 08/2005 – p.18

H coupl’s
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Supersymmetry
Two methods to obtain absolute sparticle masses:

a)    in the continuum: b)  at the kinematic threshold:

many more observables than just masses:

- angular distributions, FB-asymmetries
- cross sections
- LR-asymmetries
- ratios of branching ratios

mass precision 0/00 – 0/0       

 possibility to determine
    SUSY parameters 
    without many model
    assumptions

(polarized beams)



Barbara Mele Hadron 07, LNF,  12 October 2007 15

use of χ1 from ILC (high precision) in 
LHC analyses improves mass 
determination !

SUSY  masses  at  LHC vs  
LHC+ILC :Mass measurements LHC, ILC and combined

mSPS1a LHC ILC LHC+ILC mSPS1a LHC ILC LHC+ILC
h 111.6 0.25 0.05 0.05 H 399.6 1.5 1.5
A 399.1 1.5 1.5 H+ 407.1 1.5 1.5
χ0

1 97.03 4.8 0.05 0.05 χ0
2 182.9 4.7 1.2 0.08

χ0
3 349.2 4.0 4.0 χ0

4 370.3 5.1 4.0 2.3
χ±

1 182.3 0.55 0.55 χ±
2 370.6 3.0 3.0

g̃ 615.7 8.0 6.5
t̃1 411.8 2.0 2.0
b̃1 520.8 7.5 5.7 b̃2 550.4 7.9 6.2
ũ1 551.0 19.0 16.0 ũ2 570.8 17.4 9.8
d̃1 549.9 19.0 16.0 d̃2 576.4 17.4 9.8
s̃1 549.9 19.0 16.0 s̃2 576.4 17.4 9.8
c̃1 551.0 19.0 16.0 c̃2 570.8 17.4 9.8
ẽ1 144.9 4.8 0.05 0.05 ẽ2 204.2 5.0 0.2 0.2
µ̃1 144.9 4.8 0.2 0.2 µ̃2 204.2 5.0 0.5 0.5
τ̃1 135.5 6.5 0.3 0.3 τ̃2 207.9 1.1 1.1
ν̃e 188.2 1.2 1.2

(R. Lafaye et al in hep-ph/0410364)

CTEQ School 2006 The Future of particle physics-30 Klaus Mönig
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MSSM  parameter  determinationFittino: LHC only vs. LHC ⊕ ILC

Parameter “True” value ILC Fit value Uncertainty Uncertainty
(ILC+LHC) (LHC only)

tan β 10.00 10.00 0.11 6.7
µ 400.4 GeV 400.4 GeV 1.2 GeV 811. GeV
Xτ -4449. GeV -4449. GeV 20.GeV 6368. GeV
MẽR

115.60 GeV 115.60 GeV 0.27 GeV 39. GeV
Mτ̃R

109.89 GeV 109.89 GeV 0.41 GeV 1056. GeV
MẽL

181.30 GeV 181.30 GeV 0.10 GeV 12.9 GeV
Mτ̃L

179.54 GeV 179.54 GeV 0.14 GeV 1369. GeV
Xt -565.7 GeV -565.7 GeV 3.1 GeV 548. GeV
Xb -4935. GeV -4935. GeV 1284. GeV 6703. GeV
MũR

503. GeV 503. GeV 24. GeV 25. GeV
Mb̃R

497. GeV 497. GeV 8. GeV 1269. GeV
Mt̃R

380.9 GeV 380.9 GeV 2.5 GeV 753. GeV
MũL

523. GeV 523. GeV 10. GeV 19. GeV
Mt̃L

467.7 GeV 467.7 GeV 3.1 GeV 424. GeV
M1 103.27 GeV 103.27 GeV 0.06 GeV 8.0 GeV
M2 193.45 GeV 193.45 GeV 0.10 GeV 132. GeV
M3 569. GeV 569. GeV 7. GeV 10.1 GeV
mArun 312.0 GeV 311.9 GeV 4.6 GeV 1272. GeV
mt 178.00 GeV 178.00 GeV 0.050 GeV 0.27 GeV

χ2 for unsmeared observables: 5.3 × 10−5

⇒ most of the
Lagrangian
parameters can
hardly be
constrained by
LHC data alone

⇒ precise
determination of
SUSY parameters
only possible
with LHC ⊕ ILC

The LHC / ILC Connection, G. Weiglein, Snowmass 08/2005 – p.28
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MũR

503. GeV 503. GeV 24. GeV 25. GeV
Mb̃R

497. GeV 497. GeV 8. GeV 1269. GeV
Mt̃R

380.9 GeV 380.9 GeV 2.5 GeV 753. GeV
MũL
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SUSY :  ILC + LHC

17

• LHC able to measure the parameters at the level %
• ILC will  improve by a factor 10
• LHC+ILC reduces the model dependence
• MSSM can be probed at both colliders with 
sensitivities to different regions of the parameter space 
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the Cosmic Connection
 SUSY provides excellent candidate for dark matter (LSP)

 other models also provide TeV-scale WIMPs

 how well can the properties of the DM-candidates  (to be found at
accelerators) be compared to the properties of the real DM 
(inferred from astrophysical measurements) ? 

ILC matches precision of future CMB exp !

Cold Dark Matter 34

Many candidate particles in various theoretical approaches ⇒

CDM = mixture of different components / complex structure ?

X – supersymmetry: lightest neutralino ⇐
X gravitino AAAAAA⇐

X – extra dimensions: KK states, ...

NEUTRALINO CDM:

area in mSUGRA param ∼ octopus

[most areas very difficult to control at LHC]

ILC: systematics : LCC project Q
[Bambade ea; Martyn; [Baer ea]]

LCC2 focus point ⇒

LCC2

LCC3

Region

No EWSB

Charged LSP

Focu
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Dark Matter :  is  it  the   Susy  LSP ?
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Difficult at 
LHC
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no elementary Higgs ?
Cross section for vector boson 
scattering violates unitarity 
at ~1.2 TeV, if forces remain weak and 
no new resonances appear

ILC sensitivity deep into multi-TeV region from VB final states !
eff. Lagrangian parameters
of strong EWSB:

Higgsless model: new resonance
in WZWZ

Coupling structure from ILC  if resonance seen by LHC
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Effective 4-fermion 
contact interactions

7 New Gauge Theories

7.1.1 Sensitivity to new physics models

New interactions beyond the Standard Model can be parametrized in terms of effec-
tive four-fermion contact interactions [8],

LCI =
∑

i,j=L,R

ηij
g2

Λ2
ij

(uF,iγ
µuF,i)(uf,jγ

µ
uf,j). (7.1)

with the helicity coefficients ηij and the couplings g (by convention g2 = 4π). Λ can
be interpreted as the compositeness scale, or it approximates the effects of exchanged
new particles, MX ≈ Λ. Contact interactions preserve the chiral symmetry and the
Standard Model matrix element is extended by an additional contact term.

The new interactions could arise in hadron-hadron collisions producing lepton or
quark pairs at the LHC by means of the Drell-Yan mechanism or in fermion-pair
production processes at lepton colliders. The parton cross section or the differential
cross section, respectively, have the form

dσ

d cosΩ
∝

∑

i,j=L,R

ρij |Aij|2, (7.2)

with

Aij ∼ ASM
ij +

ηij · s
Λ2

ρLL,RR = (1 + cos θ)2 (7.3)

ρLR,RL = (1 − cos θ)2.

The angular distribution functions, ρij , describe the exchange of the spin-1 particles.
The sensitivity reaches for the new interactions can be tested by searching for devia-
tions from the Standard Model expectations.

7.1.1.1 Sensitivity to Contact Interactions at the LHC and LC

The sensitivity reaches for various models of four-fermion contact interactions ex-
pected for the LHC and LC have been determined [9–13]. Some main results are
summarized in Table 7.1 for qqee interactions at the LHC as well as for eeqq and eell
interactions at the LC (for Λeeqq(LC) the same strength of contact interaction to all
quark flavors is assumed). New studies [13] show that these conservative bounds
for the LHC can be improved by a factor roughly 1.5. The sensitivity regions for
e+e− → e+e− are related to an optimistic scenario for systematic uncertainties; with
the high statistics the systematic effects can be better controlled. A ’safe’ realistic sce-
nario lowers the Λeeee bounds by a factor ≈ 2 [13]. With the LHC new interactions
between quarks and leptons can be examined whereas a LC opens the window to
new interactions between leptons only or leptons and quarks. In Ref. [14] also the
sensitivity of LHC measurements to quark compositeness is derived by analysing the
dijet angular distributions and the transverse energy distribution of jets. With an in-
tegrated luminosity of 30 (300) fb−1 a sensitivity to compositeness of quarks up to a
scale of 25 (40) TeV can be achieved.

This complementarity demonstrates the need to have both colliders to be sensitive
to the full spectrum of new physics.
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7.1 Scenarios with extra gauge bosons

LHC LC

Λ [TeV] Λ [TeV]

model LL RR LR RL LL RR LR RL

eeqq: Λ+ 20.1 20.2 22.1 21.8 64 24 92 22

Λ− 33.8 33.7 29.2 29.7 63 35 92 24

eeµµ: Λ+ 90 88 72 72

Λ− 90 88 72 72

eeee: Λ+ 44.9 43.4 52.4 52.4

Λ− 43.5 42.1 50.7 50.7

Table 7.1: The 95% sensitivity reaches for a basic choice of contact interactions expected for

the LHC [9] (Lint = 100 fb−1 at 14 TeV and δL=5%) and the LC [11, 13] (Lint = 1 ab−1 at

0.5 TeV and Pe−=0.8, Pe+=0.6).

7.1.1.2 Distinction of new physics models

Contact terms describe the effective new contributions in model-independent man-
ner. If hints to new effects are found the quest for their source could be answered
with the exchange of new particles, MX ≈ Λ. Well known examples of these in-
terpretations are the exchange of extra gauge bosons, leptoquarks, supersymmetric
particles, gravitons etc. It will be a puzzle to deduce from bounds on effective inter-
actions back to special models and phenomena. An important step is the check of
the angular distribution: If new spin-1 particles are exchanged the typical (1± cos θ)2

(Eq. 7.3) behaviour will be observed and can be distinguished from an exchange of
other particles (spin-0, spin-2). In case of an exchange of spin-2 particles like gravi-
tons the additional contribution to the helicity amplitudes depend on the scattering
angle [15, 16] (see also chapter 8) and Equations (7.2, 7.3) are modified:

ALL,RR = ASM
LL,RR −

λ · s2

4παM4
S

(2 cos θ − 1)

ALR,RL = ASM
LR,RL −

λ · s2

4παM4
S

(2 cos θ + 1) (7.4)

MS is the cut-off scale ( [17]) and |λ| is of the order 1. Details about the identification
of this kind of new physics will be discussed in the next chapter.

7.1.1.3 Z′ in the context of Contact Interactions

Let’s assume that the angular distributions indicates the exchange of a new spin-1
particle but the available energy is to low to produce it directly. This particle could be
a Z′: Then a simultaneous analysis of the contact terms ηef

LL/Λ2, ηef
RR/Λ2, ηef

LR/Λ2 and
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What if “unexpected”  New  Physics ?

What will physics at the TeV scale be like?
"Known unknowns" vs. "unknown unknowns"

We are prepared to explore Higgs physics, SUSY, extra
dimensions, mini black holes, . . .

These are “known unknowns”, but one also needs to be
prepared for the unexpected

LHC: interaction rate of 109 events/s
⇒ can trigger on only 1 event in 107

ILC: untriggered operation
⇒ can find signals of unexpected new physics (direct
production + large indirect reach) that manifests itself in
events that are not selected by the LHC trigger strategies

The LHC / ILC Connection, G. Weiglein, Snowmass 08/2005 – p.4
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top quark physics  (it is there for sure !)
• threshold scan provides excellent
mass measurement
Theory (NNLL) controls mt(MS) 
to 100 MeV

•  precise mtop vital  for

- improved SM fits
- MSSM (mh prediction)
- DM-density in mSugra
-   . . . . 
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EW   precision  measurements :
Anticipated experimental precision of MW , mt , sin2θeff , MH

now LHC LC GigaZ

δ sin θeff (×105) 17 14–20 (6) 1.3

δMW [MeV] 30 15 10 7

δmt [GeV] 2.3 1.0 0.2 0.13

δMH [MeV]∗ – 100 50 50
∗ assuming MH = 115 GeV

from U.Baur et al., hep-ph/0111314

For GigaZ precision we will need full control over electroweak
2-loop and leading 3-loop corrections to predictions for MW and

sin2 θeff in SMand beyond.

Anticipated experimental precision of MW , mt , sin2θeff , MH

now LHC LC GigaZ

δ sin θeff (×105) 17 14–20 (6) 1.3

δMW [MeV] 30 15 10 7

δmt [GeV] 2.3 1.0 0.2 0.13

δMH [MeV]∗ – 100 50 50
∗ assuming MH = 115 GeV

from U.Baur et al., hep-ph/0111314

For GigaZ precision we will need full control over electroweak
2-loop and leading 3-loop corrections to predictions for MW and

sin2 θeff in SMand beyond.
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Finally, look again for discrepancies from the SM:
Electroweak precision test

Does mH agree with electroweak precision expectations?

2000

LHC

LC

S

T

More stringent
test of SM.

Gain clues to
New Physics if
there’s a dis-
crepancy

from Peskin & Wells, hep-ph/0101342

Heather Logan What if the LHC finds only a Higgs? VLCW’06
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Conclusions  : ILC  crucial in any scenarios !

27

Conclusions

We need the ILC in addition to the LHC in any case:

Yes
SUSY?

No

Yes

ILC fills LHC loopholes
ILC can see signals of SEWSB
ILC sensitive to new gauge sector

Top

Precision mass &
ew couplings

Yes

Measure as many parameters as possible
Extrapolation to GUT scale shows way
to breaking mechanism
Measure properties of dark matter
with high precision

Higgs properties guide way
to model of EWSB

gauge bosons (ED, little Higgs)
Several models have additional

No

Higgs?

Lepton Photon Symposium 2005 31 Klaus Mönig
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further  reading :

INTERNATIONAL LINEARCOLLIDER

REFERENCE DESIGNREPORT

ILC Global Design Effort and

World Wide Study

AUGUST, 2007

INTERNATIONAL LINEARCOLLIDER

REFERENCE DESIGNREPORT

ILC Global Design Effort and

World Wide Study

AUGUST, 2007

INTERNATIONAL LINEARCOLLIDER

REFERENCE DESIGNREPORT

ILC Global Design Effort and

World Wide Study

AUGUST, 2007

(Volume 2 - Physics at the ILC )

http://www.linearcollider.org/cms/?pid=1000437

http://www.linearcollider.org/cms/?pid=1000437
http://www.linearcollider.org/cms/?pid=1000437

