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Dynamical Electroweak Symmetry Breaking

Unparticle Physics



7 39 DARK ENERGY

\23% DARK MATTER

3.6% INTERGALACTIC GAS
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Natural Asymmetric Dark Matter*

Electroweak Baryogenesis

* Decaying, Composite, ...






We can probe the dynamics of our extensions



Low Energy Effective Theory

Energy

SM




Dynamical EW Breaking

1 -
L(H) — 4FQWF5V+@Q’Y“DMQ+“'

Dots are partially fixed by Anomalies as well as other principles

— L(New SM Fermions)



Technicolor

New Strong Interactions at ~ 250 GeV
[Weinberg, Susskind]

Natural to use QCD-like dynamics.

SU(N)re x SU(@3)c x SUL(2) x Uy (1)

(QF Q) = A3, Arc ~ 250 GeV



Life in Technicolor

Not the Coldplay album
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Walking versus Running
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Near Conformal Properties
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S 1n Walking Technicolor

SWTC < STC‘ Appelquist, ES.

Da Silva, Duan, ES.

We will take as an estimate:

SWTC’ ~ Snaive —

L Ny

omr 2 ()



Besides

5= Sume 460

Offtset the first term

Rule:

Find Walking Theories with EW embedding minimizing S



Progress in Strong Dynamics I:

Analytically discovered a universal picture

Phase Diagrams for SO(N) and Sp(2N) F.S. 09

. Ryttov, F.S. 07
Phase Diagrams for SU(N) F.S. and Tuominen 04

Dietrich, E.S. 06

Useful methods to understand Near-Conformal Dynamics
Newly Conjectured all-orders beta function Ryttov, F.S. 07

Conformal Chiral Dynamics F.S. 08
F.S. and R. Zwicky 08



Strong Lattice Activity

Lattice

Any Rep.

Catterall, F.S. 07

Catterall, Giedt, F.S., Schneible 08

Del Debbio, Frandsen, Panagopoulos, F.S. 08

Del Debbio, Patella, Pica. 08

Hietanen, Rantaharju, Rummukainen, Tuominen 08
DeGrand, Shamir, Svetitsky, 08

Del Debbio, Patella, Pica, 08

Hietanen, Rummukainen, Tuominen 09

Fodor, Holland, Kuti, Nogradi, Schroeder, 09

Fund. Rep

Appelquist, Fleming, Neil 07
Deuzman, Lombardo, Pallante 08
Fodor, Holland, Kuti, Nogradi, Schroeder, 08



Viable Models

(Ultra) Minimal Walking Technicolor (MWT)

Higher Dimensional Representations

Bevond Minimal Walking Technicolor

Partially EW Gauged Technicolor

Split Technicolor

Additional Fermions in SM

Custodial TC




Dark Matter
22%0

Dark Energy
14%




Dark Matter




Technicolor Interacting Massive Particle

(TIMP)

Technibaryon is similar to the nucleon

TB number like the B number

At most EW-type cross sections

EW scale and interactions built in

Ultra Minimal Technicolor is the first physical realization

Nussinov, 86
Ryttov - 5. 08 Barr - Chivukula - Farhi 90

PAMELA/ATIC Decaying Dark Matter + Unification, Sarkar 96 .
. . Gudnason - Kouvaris - ES. 06
Nardi, ES., Strumia, 08.



Asymmetric DM Relic Density

= 10
My 1 GeV
T'B T*)
5 X exp mT?i ) ~ 1077 T* ~ 200 GeV




Minimal Walking Technicolor
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MW'T Features

The most economical W'T theory

Compatible with precision measurements

Possible DM candidates and nice Unification

Can support 1st order Electroweak Phase Transition

Can feature a light composite Higgs

Dietrich, ES., Tuominen 05.
Da Silva, Doff, Natale 08, 09.

Lattice studies have begun



The MW'T Lagrangian

£ ‘7:,31)-7:%1} + iQLﬁ/“DnQL + 'i(_JR“/MDMUR + iDR’WDuD%
‘|‘ZLL"‘/”D;LLL + Z'NR’"‘/HD;LNR + Z'ER“/}LD;LER

Fiiv = OuAL = 0,A5 + groe™ AL A; a.bc=1,....3

UV

D,Q¢ — (5@Caﬂ+gﬂ AP et —7,2W *5“—@9'%3“5%) o

What you see 1s “not” what LHC will see



MWT etfective lagrangian

(E(Composites) + L£(Mixing with SM))—I— L(New Leptons) + L(SM — Higgs)

Initial investigation we include:

Composite Higgs H
Composite Axial - Vector States R1,2
Heavy V/V coupling q

Bare mass of the Axial M 4



Waliant




[LHC Phenomenology

In collaboration with

A. Belyaev

R. Foadi

M. T. Frandsen
M. O. Jarvinen
A. Pukhov

BEF|PS arXiv:0809.0793 CalcHep



Comprehensive Effective Technicolor Lagrangian

Vector Mesons

Yukawas

K Link to MWT via Modified Weinberg Sum Rules **
Written 1n a renormalizable form

With imposed constraints from Precision Data

A working technicolor benchmark

Foadi, Frandsen, Ryttov & ES. 07



Drell Yan Production




Drell-Yan
pp — R, — L0

S=0.3
10 §=2
Vs=10 TeV
Undetectable
g=2>

Number of events/20 GeV @ 10 fb’

500 1000 1500 2000
M, (GeV)
Dilepton invariant mass distribution My, for pp — R?_Q — (/™ signal and backeground
processes.
We consider g = 2,5 respectively and masses My = 0.5 Tev (purple), Mg = 1 Tev

(red), M4 = 1.5 Tev (green) and My = 2 Tev (blue)



Drell-Yan
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Composite Higgs Signals

Associate Higgs Production BFFJPS 08, Zerwekh 05

nggs —> ’7’7 To be done!



HV — VVV — leptons+jets



pp — HV

Walking/Higher dim. rep. can allow for:

Light Composite Higgs ~ FS.08
Hong, Hsu, ES. 04
Dietrich, ES., Tuominen 05
Doft, Natale, Rodrigues da Silva 08
Dotft, Natale, 09.

nght Composite Axial Foadi, Frandsen, Ryttov ES., 07
Eichten, Lane 07
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Missing Energy from DM and heavy Neutrinos
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[.C Phenomenology

In collaboration with

A. Belyaev

R. Foadi

M. T. Frandsen
M. O. Jarvinen

CalcHep
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Summary

DEWSB 1s very much alive
DEWSB Cosmology 1s exciting
Associate production of the composite Higgs

LC can help discovering technicolor



