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Where we are ...

SU(3)xSU(2)xU(1)

Standard Model

1974 - ?? (< 2010)

The SM Age...

... The TeV Era

! oscillation and dark energy

Dark Matter: Zwicky 1933!



the Standard Model...
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Tanabashi Lectures



SM Flavor : CKM and CP-violation
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... the sky is 
beginning to fall ...



!-Oscillations

SuperKamioka KamLAN SNO



Summary of
current 
results:

B. Kayser, RPP2006

2 (3?) "m2



!-Questions
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solar~7×10–5eV2

Are these 
masses Dirac 
or Majorana?

How is this 
related to
 EWSB?

What is absolute
scale of "m2?



Dark Matter



Dark Matter Searches

021021225701

http://dmtools.berkeley.edu/
            Gaitskell&Mandic
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CDMS-II

• Detect Dark Matter to 
see it is there.

• Produce Dark Matter 
in an accelerator to 

see what it is.

Search for galactic halo dark matter 
through energy deposition in  detector



Mark Trodden



08/07/2006 10:10 PM[hep-ph/0608055] Dark Matter from new Technicolor Theories
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High Energy Physics - Phenomenology, abstract

hep-ph/0608055

From: Sannino Francesco [view email]

Date: Fri, 4 Aug 2006 13:55:28 GMT   (85kb)

Dark Matter from new Technicolor Theories

Authors: Sven Bjarke Gudnason, Chris Kouvaris, Francesco Sannino, (Bohr Institute)
Comments: 21 pages, 5 figures. RevTeX

We investigate dark matter candidates emerging in recently proposed technicolor theories. We
determine the relic density of the lightest, neutral, stable technibaryon having imposed weak
thermal equilibrium conditions and overall electric neutrality of the Universe. In addition we
consider sphaleron processes that violate baryon, lepton and technibaryon number. Our analysis
is performed in the case of a first order electroweak phase transition as well as a second order
one. We argue that, in both cases, the new technibaryon contributes to the dark matter in the
Universe. Finally we examine the problem of the constraints on these types of dark matter
components from earth based experiments.

Full-text: PostScript, PDF, or Other formats

References and citations for this submission:
SLAC-SPIRES HEP (refers to, cited by, arXiv reformatted)

Which authors of this paper are endorsers?

Links to: arXiv, form interface, /find, hep-ph, /0608, /abs, previous, next, help  (Access key information)

...Including Technicolor

For example, in the last week: 



What is Dark Energy?

network of cosmic strings
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Supernova Cosmology Project
Perlmutter et al. (1999)

SNAP Satellite

Target Statistical Uncertainty

SNAP

New ground and space-based 
observations of geometry of universe

Measure EOS!



Good Ideas about 
Dark Energy:

(Your idea goes here ... )



Accomodate Dark 
Energy?

The String Landscape and the Anthropic Principle



... the TeV Era

Standard Model



Why Worry About the TeV-scale?
Loss of Unitarity in

All Lectures!



SU(2) x U(1) @ E
2

including (d+e)



Is all well with the SM?
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“Lies, d***d lies, and statistics!”  - Twain/Disraeli



Higgs Hunting at LHC

Bruce Mellado, ATLAS



Higgs at LHC

Bruce Mellado, ATLAS



Problems with a fundamental 

Higgs Boson



A Fork in the Road...
• Make the Higgs Natural: Supersymmetry

• Make the Higgs Composite

– Little Higgs

– (Higgs as A5)

– Twin Higgs

• Eliminate the Higgs

– Technicolor

– “Higgsless” Models



Supersymmetry

25

More than double number of states...



Supersymmetry

26

!



OR ...



Composite Higgs
Higgs as (Pseudo-)Goldstone Boson:

Hard to do!
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Georgi & Kaplan; Banks Chacko et. al., hep-ph/0510273

But, EWPT: f > 4 − 5 TeV

Must suppress η2 without suppressing η4



The Little Higgs

Collective Symmetry Breaking:
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Meade, hep-ph/0402036Arkani-Hamed, Cohen, Georgi



Global Symmetry Extended
to Third Generation

• Top Yukawa Large and breaks chiral symmetries 

• Extra singlet quarks added

• Top mass results from seesaw like mixing 
between doublet and singlet fermions

• EWSB: radiatively induced



Little Higgs : The Hierarchy

Schmaltz hep-ph/0210415

Cancellation of 

divergences by 

particles of same spin!



Chen, Tobe, Yuan



Twin Higgs
• Global SU(4) Symmetry, H in fundamental

–  

– <H>, SU(4) breaks to SU(3); 7 GBs

• Weakly Gauge SU(2)W x SU(2)H, H=(HW,HH)

– 3 GBs eaten, 4 remaining are “higgs”

–  

• Z2 symmetry: gA=gB

– Accidental SU(4) symmetry of 

– No mass generated for higgs boson to O(g2)

Chacko, Go, and Harnick hep-ph/0506256
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Twin Higgs (cont’d)

• Self-coupling

• Extend SU(4) global symmetry to top-quark 
sector

• EWSB: Radiatively induced

• Hierarchy : like Little Higgs

∆V (4) ∝
g4

16π2
log
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)

(
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Goh, Argonne Workshop 2006



OR ...



Technicolor: Higgsless since 1976!

Eliminate the Higgs...

Simmons Lectures



Technicolor 

Limits:
• Model Dependent

• Just Reaching

interesting range!

• Run II & LHC will

extend limits 

substantially

No Run II limits yet?

Narain, Womersley, RSC
PDG review



What about the S-parameter?
Why are we still talking about technicolor?

• Technicolor may be there 
– No “computations” of S in non-QCD like 

theories

• Technicolor has interesting experimental 
signatures
– Complementary to other BSM theories

• AdS/CFT Correspondence: 
– Some 4D strongly-coupled theories “dual” to 

weakly-coupled 5D theories

– New model building ideas

– Address S parameter issues



LHC Phenomenology

Birkedal, et.al., hep-ph/0412278



The Terning Plot

Higgsless

Little/Twin
Higgs

SUSY?



BSM: Observations
• Our standards have changed

• We are content with a low-energy effective 
theory valid to ~ few TeV

• This is a good thing in preparation for the 
LHC ...

• Fine-tuning is in the eye of the beholder

• S=O(1) in QCD-like technicolor; 
experimental bound O(0.1) - hence need 
10% fine-tuning?

• Dynamics matters: Inflation makes fine-tuning 
of flatness problem irrelevant.



Interim Conclusions
• Three mechanisms to address hierarchy problem

• SUSY

• Composite/Little/Twin Higgs (Higgs as A5)

• Higgsless Models/Technicolor

• All predict new TeV Scale particles

• SUSY Partners or 

• Extended Electroweak Gauge Symmetries and

• Extended Fermion Sector

• Much Phenomenology Left to be done!



Our Future: the LHC

Hagiwara Lectures



LHC Schedule

Hinchliffe, SSI 2006





What will we see?

Murayama

Little Higgs

Twin Higgs



Black Holes in LED?



Black Holes @ LHC

Dimopoulos and Landsberg

ATLAS



To find out
... return in 2010!

• Thanks to ... 

• Students and Lecturers

• Sponsors, Organizers, and Staff 

• Profs. Yu-Ping Kuang & Hong-Jian He

... for a wonderful workshop!


