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Standard Model

Enerqgy
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QCD-like TC

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

Natural to use QCD-like dynamics.

SUN)re X SU@B)c x SUL(2) x Uy (1)

<Qf@f’> = A%C Ao ~1 TeV
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— Need novel dynamics
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SM Fermion Masses
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... Extending lechnicolor
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—=.  Different approaches

Scalar-less New Gauge Interactions (Extended TC)
Marry SUSY and Technicolor

Add New Scalars in the Flavor Sector
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Extended Technicolor
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Near Conformal
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—=.=  VYWhy walking helps?
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—=.z. Gauge Theory Knobs

Gauge Group, 1.e. SU, SO, SP

Matter Representation

# of Flavors per Representation

QCD IR Conformal NA-QED
. I > Nf
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—=.z~ SU(N) Phase Diagram
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SU(N) Phase Diagram + 4 Fermions
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Ordinary Walking:

Requires huge fine-tuning to be near the lower
end of the conformal window and unlikely to
provide the correct Top mass.
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Ideal Walking:

Use 4 Fermion interactions to exit conformal
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Exact conformal S

Shorm == 1.53 (gauge — dual)

D Sannino 1007.0254

Sannino 0907.1364
é Snorm ~ 2 (QCD)

Sannino 1006.0207 N
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~-7"" Conformal S @ 2 Iocps

Di Chiara, Pica, Sannino -- To appear
A
@ Snorm ~ 2 (QCD)
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—=.—- Conformal S @ 2 loops
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S - conjecture

o .S

Sannino 1006.0207 hm Nd — Snorm > 1
2—>O pd|r]

S increases as Nf decreases
S counts relevant degrees of freedom

Sannino 1007.0254 O tests weak-strong gauge duality

Strong constraints for old models!
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—=.=—  Minimal Working TC

e Minimal WT
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Appelquist and Terning 94;
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.-~ New life in Technicolor
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Not the Coldplay album
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Dark Energy
14%
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Asymmetric DM

A particle similar to the nucleon
But electrically neutral
At most EW-type cross sections

Great if connected to the ESWB
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—=.—~ QCD Phase Diagram
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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 1s the first physical realization

. Nussinov, 86
Ryttov & Sannino 03 Barr - Chivukula - Farhi 90

Sarkar 96

PAMELA/ATIC Decaying Dark Matter + Unification, Gudnason - Kouvaris - Sannino. 06

Nardi, Sannino, Strumia, 08.
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cps-origins  (UN) TC Interact. Massive Particle
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Particle Physics & Origin of Mass

- TIMPs ~ Masses Annih. Asymm Symm Models

Complex-Rep
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T (Pseudo)-Real
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Unbaryon = (1 -10) Gev X X X Techni-unparticle
Nussinov, 86 Sannino and Zwicky 09
Barr - Chivukula - Farhi 90 Unbar YOI o dsen Sarkar 10
Sarkar 96 ’ ’
TC—B ar YOﬁ Gudnason - Kouvaris - ES. 06
Foadi, Frandsen, Sannino 09 Related

Nardi, Sannino., Strumia, 08.
Sannino, 10

Gudnason - Kouvaris - Sannino. 06

TC—P GB Ryttov - Sannino 08

Frandsen & Sannino. 09
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Kouvaris 06,07,10
Kainulainen, Virkajarvi, Tuominen 06,09,10

Mixed TIMP DM

Belyaev, Frandsen, Sannino, Sarkar 10
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DM and GUTs
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Unparticy AdS/?
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- Unifying in Model Space

()MSSM
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Criterions

¢ Naturalizes the SM

% New strong dynamics

% Supersymmetric

¢  Near conformal

»  Link to extra dim. and strings

% Possibly calculable
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e MSSM - cartoon
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.z ouper Technicolor
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Bonus: A working model of ETC
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N=4 breaks to N=1 via electroweak interactions
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Add MSSM superpotential and SUSY breaking

Tuesday, August 3, 2010



CP3 - Origins

.. Minimal Superconformal TC
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MSCT - facts
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Unifies different extensions of the SM
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Very rich and falsifiable phenomenology
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@ DEWSB can naturally occur at the LHC

@ Phase Diagram of strongly interacting theories

@ Minimal models of technicolor

@ Unification in theory space/Technicolor meets
string theory

@ DEWSB cosmology 1s exciting
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Backup slides
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Duals
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" QCD Dual s 0

Within the Conformal Window

‘t Hooft Anomaly Conditions Respected
Operator Matching

Flavor Decoupling

RS beta function

Super QCD Seiberg 96

Previous attempt Terning 98
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‘t Hooft Anomaly Matching

SUL(Ny)

SUL(Ny)

SUL(Ny)

SUL(Ny)
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Operator Matching
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Magnetic Electric
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Dual Theory
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Dual conformal S

Sm:Sq—l—SB—I—SM

X !/ 14 25
= — + S Ba 4 (B, (32log2 —39) — 0.14

3 3 3 729
Sannino 1007.0254

Shorm =~ 1.53 (gauge — dual)

Sannino 0907.1364

@ Siorm =~ 2 (QCD)

Sannino 1006.0207 N
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