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What is DCR Physics Part?
Detector Concept Report
The first comprehensive report on physics and detectors
at ILC prepared by “Worldwide Study of the Physics and
Detectors for Future e+e- Linear Colliders”.
Physics part (~80 pages)
Detector part (~150 pages).
+ Executive summary
Six editors were assigned for the Physics Part in
December, 2005.
(One experimentalist and one theorist from each of three
regions, Asia, Europe and North America)
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How have we proceeded?
Inputs from physics community at linear collider
workshops.
LCWS06, Bangalore (March, 2006)
ALCPG06, Vancouver (July, 2006)
ILC-ECFA, Valencia (November,2006)
ILC Wiki page
http://www.linearcollider.org/wiki/doku.php
A working draft has been available since the
Valencia ILC workshop.
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Most of materials are taken from existing documents
and reports.









TESLA TDR (2001)
ACFA LC report (2001)
Snowmass 2001 resource book
GLC project (2003)
LHC/ILC report (2004)
Snowmass 2005 reports
“Discovering the Quantum Universe” (2006)
ECFA LC study, various LCWS proceedings and
presentations, etc. etc.

“Truly international efforts”
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The frozen version for Beijing
(dated Feb.1, 2007)





Available at “DCR-Physics Chapter” in the ILC Wiki
page.
This is close to the final form, but we still plan to make
significant revisions in some chapters.
Your comments are welcome to improve the draft.
We plan to solicit signatories for the DCR, and publish
the completed and signed document soon.
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The Physics Case for the International Linear Collider
contents
1. Introduction
Questions about the universe
Physics landscape in 2015
Running scenarios
Physics and the detectors
2. Higgs Physics
3. Couplings of Gauge Bosons
4. Top Quark Physics
5. Supersymmetry
6. Alternative Scenarios to SUSY
7. Connections to Cosmology
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1. Introduction





What are goals of ILC?
How are they related to expected LHC
outcomes?
What are energy, luminosity, polarization, and
options of ILC?
How does detector performance affect ILC
physics potential?
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Questions addressed at ILC.
(1) What is waiting for us at the Terascale?
The Higgs particle.
Some new physics which stabilizes the
electroweak scale.
(2) What is the dark matter?
About one fourth of the energy of the universe is
carried by unknown particles.
(3) How are fundamental forces unified?
Gauge coupling unification is realized for the
SUSY GUT scenario.
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More LHC finds, more urgent questions ILC have to
address.
Discovery of a Higgs boson at LHC.
Is this really Higgs particle?
Is the Higgs boson the SM one? If not, are there new
phenomena besides the Higgs boson?
Discovery of a new gauge boson at LHC.
What are the properties of new force, and its meanings
in unification and cosmology?
Discovery of SUSY particles at LHC.
Is this really SUSY?
GUT? SUSY breaking? SUSY dark matter?
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Requirements of ILC experiments
Highest e+e- energy and variable energy: 200-500 GeV
 High luminosity: 500-1000/fb
 >80% e- polarization (mandatory)
>50% e+ polarization
 Upgrade to ~1 TeV in the second stage.
 Possible Options: GigaZ, e-e-, γγ, eγ
 Excellent detector performance: tracking, vertexing, jet
energy resolution.


Energy scan, polarization, detector performance are all
essential for physics studies at ILC.
Some of options may become very important from the
results from LHC and early stage of ILC.
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2. Higgs Physics








Study the structure of the Higgs
sector.
Determine mass, spin, and CP of
the Higgs boson.
Precise measurements of Higgs
production cross section and
branching fractions.
Top Yukawa and Higgs self
coupling measurements
Heavy Higgs searches in MSSM.
Connection of the Higgs physics to
unification and cosmology.

ACFA report
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Top Yukawa coupling

A.Gay

Higgs self-coupling

C.Castanier,P.Gay,L.Lutz,J.Orloff
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Proof of the mass generation mechanism of elementary particles

GLC project
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3. Coupling of Gauge Bosons
•Ferimion pair production at 500 GeV and the Z pole (GigaZ)
•Coupling among gauge bosons
•These measurements become very important for unexpected Higgs case.
Example: WW γ anomalous coupling

W
γ

W
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4. Top Quark Physics



Top quark mass and width
Top quark anomalous interactions

Precision of the mass ~ 100-200 MeV
Width measurement is unique at ILC.

A.H.Hoang

Top Yulawa coupling and anomalous
coupling to gauge bosons

P.Bhartra and T,Tait
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5. Supersymmetry



Precision SUSY particle measurements at the ILC.
Determination of SUSY breaking and GUT scenarios.

Mass and mixing determination of chargino, neutralino, slepton, squark.
Chargino threshold scan

~50 MeV

Smuon decay spectrum

H.U.Martyn

~100 MeV
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Extrapolation of gaugino and scalar mass
parameters to the GUT scale with inputs from
combined analysis of LHC and ILC.

Blair, Porod, Zerwas
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6. Alternative Scenarios to SUSY
Main motivation for alternative scenarios
is to explain the stability of the weak scale.

Determination of
the number of extra dim
at ILC 500 and 800 GeV

Alternative scenarios involve new strong
dynamics or change of space-time, and
new signals at the TeV scale.
Large extra dimensions
Warped extra dimensions
Universal extra dimensions
Little Higgs models…
If LHC find the first signal of new physics
ILC will study new particles and interactions
and identify the underlying theory.
G.W. Wilson
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Z’ coupling in various models
Even if the initial ILC energy is not
enough to produce a new particle,
indirect effects can provide important
information for new physics.

e+

e-

Z’

Z’ mass =1,2,3,4 TeV

f

f

Ecm=500 GeV, L=1/ab
Godfrey, Kalyniak, Reuter
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7. Connection to Cosmology
SUSY dark matter
Dark matter candidates in new
physics models
LSP in SUSY
LKP in Universal Extra Dimension model
LTP in Little Higgs model with T-parity
ILC can distinguish different scenarios
and determine dark matter particle’s
properties to match the observed dark
matter density in the universe.
Identification of the dark matter particle.
J.Feng
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Summary
Higgs physics: A new interaction
Dark matter: A new particle
Unification: Electroweak -> SUSY GUT -> Superstring?
All indicate something new at the TeV scale.
ILC will play a crucial role to identify the underlying theory.
Please look at the draft in the frozen version for Beijing at the ILC
Wiki page and send comments to us.
http://www.linearcollider.org/wiki/doku.php
klaus.moenig@desy.de
yasuhiro.okada@kek.jp
lykken@fnal.gov
m-oreglia@uchicago.edu
satoru@icepp.s.u-tokyo.ac.jp
djouadi@th.u-psud.fr
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