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Introduction to Terascale
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Central Problems

Electroweak symmetry breaking
Unification of forces
Microscopic spacetime structure
Connection with cosmology

d

SUSY or Extra-D or Strong Dynamics or *--

Impact across all microscopic scales © cosmology

THE QUANTUM UNIVERSE
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Genuine Path to the Ultimate Destination

Measure masses and mixings of new states,
decay widths and branching ratios,
production cross sections ....

i

Determine spin and parity,
gauge quantum #'s and couplings.

i

Reconstruct the Terascale Lagrangian as model
independently as possible with great precision.

{

Shed light on the physics at the fundamental
(GUT or Planck or TeV) scale.
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Model-independent and high-resolution picture at Terascale

U

Unification of matter and interactions

]

[LC = International e*e™ linear collider

Electrons Detectors Electron source

Characteristics Satellite modes
0.5 to 1 TeV to CLIC w/ 3 TeV GigaZ: 109 Z bosons
300 fb~1/y ) 1 ablin total ee” w/ same E / reduced L

90/60% e~/e* polarization ve/yy via Compton backscattering



Precious Physics Talks at TILCOS8

16 talks (including 3 plenary talks)

Many important detailed studies

Physics Overview

H. Murayama: ILC, Future Particle Physics and Cosmology
T. Rizzo: The LHC and the Road Ahead
Y. Okada: Overview of Physics RDR and the Next Step

[not covered in my talk]

Spin Determination

M. Buckley: Discriminating Spin through Quantum Interference

S.Y. Choi: Spin Analysis of Supersymmetric Particles




(SM) Higgs Couplings
S. Kanemura: Physics Potential of Higgs Pair Production at a y y Collider

K. Tsumura: Impact of dim-6 Higgs-fermion and Higgs Genuine Operators
on Processes at the Future Colliders

Y. Matsumoto: Precise Measurement of the Higgs-boson Electroweak
Couplings at Linear Collider and Its Physics Impacts

Y. Takubo: Analysis of 4-jet Mode in ZHH
D. Jeans: Measurement of g(HHH) — Generator Level
and First Quicksim Studies

S. Uozumi: Report on ttH Analysis

Littlest Higgs Model

M. Asano: Determination of Dark Matter Properties in the Littlest
Higgs Model with T-parity

T. Kusano: Simulation Study of e"e” — Z, + Ay in Littlest Higgs Model




Extended Higgs Sector

D. Zhuridov: Testing Extended Higgs Models by Resonance Effects at the ILC

Hidden Sector

H. Itoh: Hidden Sector Particle Production at the ILC

Benchmark Studies

L. Lastovicka: Benchmark Studies with the LCFI Vertex Package

i

Disclaimer: [ can’t possibly cover all of the talks.
So, my prior apologies to those omitted!




Coupling constant to Higgs boson

SM Higgs or Not
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crosssection [fb]

[S. Uozumi |

Signal generator with

tt—system threshold
enhancement done!

Htt Couplings
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Dense 8—jet events = more works planned
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HHZ(ab)
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Trilinear HHH Self-Couplings
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Trilinear HHH Self-Couplings
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Z—angle cut

— Angle distribution of reconstructed particles
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e+e- -> ZHH -> ZWWWW xsec

[D. Jeans] with My = 170 GeV: generator-level and 15t quick sim. studies
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750 GeV Sensitive kinematic distributions

e+e- ->7ZHH -> ZWWWW -> [0f ﬂ

Many different final states .
from 4 leptons + neutrinos How to implement?
to 10 quarks
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Several huge backgrounds = develop clever selection methods
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[T. Lastovickal = LC FI vertex package
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Higgs Self-couplings at PLC | o B
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Dim-6 Effective Operators as New physics

A4

Worst: The SM Higgs is discovered, but no other new particles
< New physics effects described with higher—dim. Operators
< Modify all the Higgs couplings to SM particles

ff
SM particles L5 = Lsm + Z

W, Z, etc.

n>4

I

Ci (n)
An—4 O’t':

n

New Physics Energy

A= few TeV
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A few less—constrained dim—-6 operators

[K. Tsumura |
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6—dim Higgs—gauge operators

[Y. Matsumoto ]
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Beam polarization + optimal observable methods

Sensitivities depend strongly on the Higgs mass?
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Spin Determination

Spin measurements are crucial in distinguishing
SUSY from any bosonic (space—time) extensions.

Unless the spin of every particle 1s known,
the Lagrangian cannot be written.

J

ILC

Threshold scans in production
Polar—angle distributions in production
Decay polar—angle distributions
Decay azimuthal angle distributions

19



Thresho

SUSY or Not
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[S.Y. Choi]

sin?0: unique for J=0
B3: not unique for J=0
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Majorana pair

[Magjoranal

1+ Kkcos? @
flat
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Confusion

Decays required for
spin—1/2 charginos
and neutralinos
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Azimuthal—-angle Distributions

[M. Buckley]

purely kinematic
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/ Quantum Interference

o= Ay + Ay cos(p) +---+ A, cos(ng), n =2 X spin

2

g X

21



Azimuthal—angle Distributions

LR/IR -
X1/Bl

X1/B1

Two—fold ambiguity:
true and false axes

Non-trivial TF correlations: tractable?!

N

UED distribution SUSY distribution

True & False/no cuts
————— True & False/cuts

Clear
distinction

~
{ 002

002
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Littlest Higgs Model with T-parity

Gauge-Higgs sector QD cancellation at 1-loop
T-even A, W% Z, h; t, ... W h{:%VH
— h..g2 ....... + A e
T-odd QWH Z, O T, . b e @ s AT
mass ~f t !
%7 man(GeV)

-~ ~ 100 200 300
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[LC/Cosmology Connection in LHM
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Extended Higgs Sector

[D. Zhuridov]

Tiny neutrino mass = doubly charged singlets and triplets

Singlet  Lg = Yil{p;rY + He.,

Triplet £p = g;;L5,T'L;r +He.,

iS1

Y

m, ~ g;vr 5 0.1 eV,

—>
—>

maybe

hopeless
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dopy  dogp

__ drosf dcost
Ap=1

TLL + dopn

d cos dcost

Triplet

Singlet
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Hidden Sector

New Phys. sector Standard Model
(Hidden sector) sector
messenger
Completely Integrating out

or SM gausge singlet or
Partly Be just effective cutoff

: : Cn
Effective Lagrangian: £ = MON POsm

Lgpm ~ —hG“ ,GW
%( ja,Gakv SM™ 4o
X Lom ~ ——hF,, FH
K ""”;F“” ~ 411"0 K
X Lgm ~ hZyy F*Y
KZWFW SM™ T6r2y M

[H. Itoh]

— oSimplest Realization

C
L. W)

Ndsm—3
singlet scalar
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mXH'H K(”'“)Q = HX mixing
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X o
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A v
X ” mZ
L ~—2hZ, 78
KZ]”/Z;”) SM v 1

~

X < H: Branching ratios and different structure:

Ui
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Summary

Every physics talk @ TILCO8 adds value to the
important role of ILC in probing Terascale

phffics.

More comprehensive/precision analysis of both
SUSY and other Terascale scenarios in progress

U

[L.C is a powerful micro/telescope toward
unification of interactions wherever it 1s
realized.
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Quite Probably

ILC
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(Galileo Galilei

lo stimo piu il trovar un vero,
benche di cosa leggiera, ch’'l dis-
putar lungamente delle massime
questioni senza conseguir verita
nissuna.

I attach more value to finding a fact,
even about the slightest thing, than
to lengthy disputations about the
Greatest Questions that fail to lead

L | to any truth whatever.
074 : / il

Comnibaldo sne.

[C. Quiggd]
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