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Abstract: | will introduce models of dynamical electroweak symmetry breaking and their present and future impact on LHC physics. | will start by
reviewing what LHC has seen and not seen and the main challenges of models of dynamical electroweak symmetry breaking. To overcome some of
these problems we need a better understanding of strong dynamics. | will therefore review the state-of-the-art of the phase diagram of strongly
coupled theories as function of the number of flavors, colors and matter representation. | will then show how these models can also lead to natural
dark matter candidates able to provide a simple resolution to current experimental observations. If times allows, | will introduce new successful
models of inflation in which the inflaton emerges as a composite state from a natural four-dimensional strongly coupled theory coupled to gravity.
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SM - Geometry
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O’ Higgs, where art thou!

irsa: 12010165 Page 11/105



;:r; I ATLAS + CMS Preliminary, \s = 7 TeV | —— Observed

e ' L, =1.0-2.3fb"/experiment |8 Expected + 10

c 10 B ' ' Expected + 20

3 l 1 | ‘ LEP excluded

é ! , ' Tevatron excluded

S 4388 LHC excluded '

-

O b

2|

Lo 1k

e |

10 11 1 S L L
100 200 300 400 500 600

Higgs boson mass (GeV/c?)

Pirsa: 12010165 Page 12/105



Status after December
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Higgs Status Now

110 115 120 125 130 135 140 145 150
M, [GeV]
Excluded @ 95% CL

112.7 < My < 115.5 GeV
131 < My < 453 GeV  except 237 — 251 GeV
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Discovery strategy

# Events = o - L - At
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Discovery strategy

# Events = o - L - At
® 0 is the cross section characterizing the underlying physics
@ L is the luminosity, i.e. the particles present in the beam/time

@ “Backgrounds” are events with the same final state of the signal event
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Discovery strategy

# Events = o - L - At
® 0o is the cross section characterizing the underlying physics
@ L is the luminosity, i.c. the particles present in the beam/time
@® “Backgrounds™ are events with the same final state of the signal event

@ Por the Higgs searches we can look at processes ot the type:

pp — H — vy
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| 3th of December

2.8 0 at 1206 GeV
2.1 o (3 events at 125 GeV)

s () (0 1) 1.4 o at 120 GeV

3.60 excess at 126 GeV
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| 3th of December
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| 3th of December
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MSSM Status
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ATLAS Experiment © 2011 CERN

MSUGRA/CMSSM = five parameters

the universal scalar mass mo0, gaugino mass m1/2,
the trilinear scalar coupling Ao,

tan B: the ratio of the VEV of the two Higgses

the sign of the higgsino mass parameter p
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5.CONF.1011.118

5-CONF-2011.113
ATLAS-CONF 201117
31

Mass scale [TeV]
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Consistency of the theory
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Technicolor - Geometry
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Dynamical EW Breaking

| i
L(H) N _Iljuluflpu + , (2,7!.'1)”(2 ~+ ...

/.‘.I/

irsa: 12010165 Page 30/105



Dynamical EW Breaking

I
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Dots are partially fixed by Anomalies as well as other principles

L(New SM Fermions)
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Need novel dynamics

[Large & Positive S from QCD-like Technicolor

SU(3) + 1 Fund. Doublet

Weinberg, Susskind
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Need novel dynamics

[Large & Positive S from QCD-like Technicolor

SU(3) + 1 Fund. Doublet

Weinbere, Susskind
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SM Fermion Masses
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Extending Technicolor
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Different Approaches

Scalar-less New Gauge Interactions (Extended TC)
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Different Approaches

Scalar-less New Gauge Interactions (Extended TC)

Nl;ll‘l‘_\' 51'5\' ;111(] 'l'L‘ChniCnl()l‘

Add New Scalars in the Flavor Sector

Antola, D1 Chira, Sannino, Tuominen 10,11
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Naive Extended Technicolor
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Naive Extended Technicolor
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Naive Extended Technicolor
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Naive Extended Technicolor
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Beta - Terms

Pirsa: 12010165 Page 51/105



Gamma - Terms

| i i
— (s d) (s ) +

)

‘ ?x'/f'

Pirsa: 12010165 Page 52/105



Gamma - Terms
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Too small Top mass if
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Enerqgy

A ETC
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Near Conformal
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Near Conformal

IR Contformal behavior
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[f large anomalous dimension, around 7, (v
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[f large anomalous dimension, around vy, (v
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[f large anomalous dimension, around 7, (v

Fermion Mass Enhancement & FCNC decoupling
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@® Understand Phase Diagram of gauge theories
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@® Understand Phase Diagram of gauge theories

@ Ideal Walking is needed
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@® Understand Phase Diagram of gauge theories

iWalk
Fukano & Sannino 10

@ Ideal Walking is needed

@ Need a working example of ETC

Antola, D1 Chira, Sannio. Tuominen 10,11

SUSY ETC + Technicolor
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Phase diagram
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Knobs

Gauge Group, r.e. SU, SO, SP
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Knobs

Gauge Group, t.e. SU, SO, SP
Matter Representation

# of Flavors per Representation
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Knobs

Gauge Group, r.e. SU, SO, SP
Matter Representation
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A novel phase @ large Nf

Pica & Sannino 10

IR Conformal
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A novel phase @ large Nf

[nteresting structure at large Nt Pica & Sannino 10

[irst coetticients at large Nt are known

Ciuchini, Derkachov, Gracey, Manashov 99

QCD IR Conformal I Asymp. Safe N
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SU(N) Phase Diagram
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SU(N) Phase Diagram

Very interesitng
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Lattice SU(N) Phase Diagram
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Minimal Working TC

® Minimal WT

Sannino & Tuominen (4

r( T /&
.‘7 (—))j( d Dictrich, Sannimno, Tuominen 05

I'randsen, Masina, Sannino 09

Pirsa: 12010165 Page 82/105



Pirsa: 12010165

Minimal Working TC
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Minimal Working TC
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Fixtra
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The standard model
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Leptons & Precision Data

1 TeV
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117 GeV
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MWT Features

@ The most ecconomical WT' theory

® (anpntil)lc with precision measurements

® Possible IDM candidates

@ Light Composite Higgs

) Under investigation on the Lattice
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MWT Features

@ The most ecconomical WT theory

® (:umpnlil)]c with precision measurements

O) Possible IDM candidates

@ light Composite Higgs

@ Under investigation on the Lattice
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MWT Effective Lagrangian

L(Composites) + L(Mixing with SM) + £(New Leptons) + £(SM Higes)

[Foadi, Frandsen, Rvtrtov & RS, 07
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MWT Effective Lagrangian
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MWT Effective Lagrangian
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Constraining MWT

Consistency of the theory
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Constraining MWT

Consistency of the theory
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Unifying picture

inflaton
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Constraining MWT
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