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Linear Collider Project

Highest energy e+e- collider
Ecm: up to 500 GeV in 1st stage ,~1TeV in 2"d stage

Luminosity: above 10"34/cm”2/s,(equivalent to a few
x1074 Higgs bosons /year)

Concurrent running with LHC

GLC report
L= T e oy
Pos=dron Main Lina: = Elacinsn Main Linas H
E W ﬁ
[ Ll

froe | Hachor i plan Elach o Injechor Lof ||I|-l



Current understanding of particle physics

The Standard Model
Discovery of gluon, W, and Z bosons

Discovery of three generations of quarks and
leptons.

Precise determinations of V-F-F, and V-V-V
coupling constants.

CP violation in terms of Kobayashi- Maskawa
mechanism

No direct evidence on the Higgs mechanism



Hints of new physics

1. Unification ?

Gauge coupling unification in SUSY GUT
2. Neutrino mass. Seesaw mechanism?

3. Cosmological connection with particle

physics

WMAP -> Dark matter candidate?
Baryon number of the Universe-> New
source of CP violation?

4. Theoretical arguments
Hierarchy problem, Unification with
gravity interaction, Superstring...
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Physics of LC

Higgs physics ( Electroweak symmetry
oreaking and mass-generation)

Direct signals of new physics (SUSY,
extra-dimensions, ...)

Indirect search for new physics from
precision study on gauge bosons, top and
other fermion processes.

“Unexpected” new signals




Advantage of LC experiments

e+ and e- are elementary particle
(well-defined kinematics).

Less background than LHC experiments.

Beam polarization, energy scan.

v -y, -y, e- e- options, Z pole option.

Energy extendibility

We should clarify how these features can enhance
physics potentials of LC experiments.



Higgs Physics

Higgs boson. An important prediction of the
modern particle physics.

Mass-generation of elementary particles
=> Higgs coupling measurements
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Higgs Boson Mass

The most important parameter : related to the strength of the force
responsible for electroweak symmetry breaking.

Unification theory from the Planck scale
(SUSY, String theory, etc)
=> a light Higgs boson

Higgs Boson Mass Range
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Higgs physics at LHC

Signal significance

Discovery of a SM Higgs boson in

a whole mass range
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Coupling ratio measurements

width ratios
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Coupling measurements at LC

Precision of coupling determination

mH=120 GeV, 500/fb
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Implications to MSSM

Indirect determination of the heavy Higgs boson mass (MA)
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Higgs self coupling constant
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Supersymmetry

New concept on space-time.

LHC can find SUSY if squarks
and gluino is less than 2.5TeV
through cascade decays.

LC is an ideal place to study
SUSY. A beam polarization and

threshold scan are powerful tools.

Determination of mass and spin
of SUSY patrticles.

Determination of coupling
constants.

LC is necessary to establish new
physics principle.

LHC SUSY search
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SUSY study at LC

(1) Test of SUSY relation Yz =

Lip
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(3) Neutrino oscillation

-> |lepton flavor violation
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(2) Dark matter
candidate:
properties

of the lightest
SUSY particle
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SUSY Higgs sector
/Two Higgs doublet model \

tan (3 (vacuum angle)

mp — f(mA7 tan (37 mg, My, )
Determination of tan 3 from:
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Top threshold scan

Top quark is produced only in a hadron
machine, unlike other particles.

The threshold scan at LC improves the top

mass measurement and determines the top
width.

o7
== (m )= 175 (165) Ga¥

I.L.EH.12 nr;I:u' —
Mo Higgs =40 —
=432 —

GLC report v



Search for anomalous interactions

Many new physics scenarios predict indirect
effects in various process involving the SM

particles.
ete—— > fr, ete” - WW etc.
Examples:

Vector resonance in strong int. Higgs sector.
Extra-gauge bosons in the little Higgs model.

Anomalous Top coupling
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High sensitivity at a higher beam energy.
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integrated Luminosity (fh')

Summary of LC physics
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Rich physics programs in the first stage
(~ 500 GeV)

Energy should be extended to ~ 1 TeV
in the second stage.

Roles of LHC and LC
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Conclusions

Goals of research at LC are to open a new era of
elementary particle physics through critical discoveries
which lead to new fundamental principles of Nature.
Physics case of the LC experiment Is very strong.

In this workshop, we should further clarify:

role of LC in connection with LHC,

importance of the energy extension in the 2" stage,
requirements to the detector design from physics studies,
Importance of various options of LC experiments,

role of LC in a grand view of the particle physics and cosmology.
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