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OUTLINE OF THE TALKOUTLINE OF THE TALK

IntroductionIntroduction
Why extra dimension?Why extra dimension?
Theoretical motivationTheoretical motivation
Experimental ImplicationsExperimental Implications

•• Unification Unification 
What are we trying to achieve?What are we trying to achieve?
Why extra dimension?Why extra dimension?
Why Why supersymmetrysupersymmetry??
What forces (couplings) we are unifying?What forces (couplings) we are unifying?

A concrete model for gauge, Higgs and matter unificationA concrete model for gauge, Higgs and matter unification

Phenomenological implication Phenomenological implication 

Models with three families : Flavor symmetriesModels with three families : Flavor symmetries

ConclusionsConclusions
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INTRODUCTIONINTRODUCTION

Why we think there are extra space-like dimension beyond X, Y and Z?

How can experiment discover them?

Theoretical motivation

Experimental implications
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Extra DimensionsExtra Dimensions

Question:Question:

What are the  dimensions of space-time?

Philosopher Immanuel Kant (1781): The Critique of Pure Reason

Has argued that:  Space and time are a prioria priori

Modern view:Modern view:

Space-time  is emergentemergent

must follow from theory
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History:History:

Einstein dream:Einstein dream:

Unify gravity (extremely week) and electromagnetism

KaluzaKaluza (1919), Klein (1926):(1919), Klein (1926):

Introduce one extra space-like dimension of finitefinite size
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Current theoretical motivationCurrent theoretical motivation

Quantum mechanics + GravityQuantum mechanics + Gravity

String TheoryString Theory

All elementary particles  are different vibration of a single enAll elementary particles  are different vibration of a single entity tity 
called stringcalled string

one unifying forceone unifying force

Theoretical consistency requires:Theoretical consistency requires:

99 spatial dimensionsspatial dimensions
((66 more than X, Y, Z)more than X, Y, Z)
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Question:Question:

Are the extra spatial dimensions finite or infinite in size?Are the extra spatial dimensions finite or infinite in size?

Finite and very small (because we donFinite and very small (because we don’’t see them)t see them)
Current experiments              smaller than Current experiments              smaller than subsub--mmmm..

What are their shapes?What are their shapes?

Shape will determine the number of elementary particles, Shape will determine the number of elementary particles, 
as well as, their interactions. as well as, their interactions. 
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Extra Dimensions: Theory BenefitsExtra Dimensions: Theory Benefits

Can understand why gravity is so weak compared to EMCan understand why gravity is so weak compared to EM
((ArkaniArkani--HamedHamed, , DimopoulosDimopoulos, and , and DvaliDvali (ADD))(ADD))

True unification of ALL particles: True unification of ALL particles: 
Gauge, Higgs, MatterGauge, Higgs, Matter

Unification of gauge and Unification of gauge and YukawaYukawa forcesforces

An alternative to Higgs mechanismAn alternative to Higgs mechanism
(Kawamura, Alterarelli & Fergulio; Hall & Nomura)

(Gogoladze, Mimura + S. N)

(works really well)

1 2 3 t bg g g g g gτ= = = = =



Theory Benefits (contd.)Theory Benefits (contd.)

•• No Gauge hierarchy problemNo Gauge hierarchy problem
(Arkani-Hamed, Dimopoullos + Dvali)

•• A mechanism for SUSY breaking A mechanism for SUSY breaking 
(Scherk & Schwarz, Hosotani)

•• Understanding of why Understanding of why 
(Arkani-Hamed, Dimopoulos, Dvali and March-Russell; Dienes, Dudas and Gherghetta)

•• Possibility of MultiPossibility of Multi--TeVTeV scale GUTscale GUT
(Dienes, Dudas & Gherghetta)

•• Candidate for Cold Dark MatterCandidate for Cold Dark Matter
(Cheng, Matchev& Schmaltz; Tait & Servant, Cheng, Feng & Matchev)

•• Exploring Quantum GravityExploring Quantum Gravity
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Experimental Implications:Experimental Implications:

•• Existence of a tower of new particles (KK Existence of a tower of new particles (KK 
Excitations)Excitations)

•• Power Law running of gauge couplingsPower Law running of gauge couplings

•• Deviations from NewtonDeviations from Newton’’s law of gravity s law of gravity 

.   .   BlackholesBlackholes at at colliderscolliders

•• Astrophysical implicationsAstrophysical implications
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Unification with Extra DimensionsUnification with Extra Dimensions

True Unification of Elementary Particles and Forces

All particles propagate into the extra dimension

Phys. Rev. Lett. 91: 141801 (2003), 
Phys. Lett. B562: 307 (2003)
Phys. Rev D69, 075006 (2004)

Phys. Lett. B622: 320 (2005),
Phys. Rev. D72: 055006 (2005)
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What are we trying to achieve?
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Grand Unification in 4 dimension:Grand Unification in 4 dimension:

(
(3) (2) (1)

(5), (10), . ).... .
GUTSU SU U G
SU SO

× × →

Unifies 3 gauge couplings and unifies all the gauge bosons Unifies 3 gauge couplings and unifies all the gauge bosons 

Unifies also fermions in one familyUnifies also fermions in one family

But Grand Unification:But Grand Unification:

Does not unify gauge and Yukawa interactionsDoes not unify gauge and Yukawa interactions

Does not unify gauge bosons, Higgs and fermions togetherDoes not unify gauge bosons, Higgs and fermions together

We want We want completecomplete unificationunification
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A concrete model for gauge, Higgs and matter unification
(Gogoladze, Mimura and SN, Phys. Lett. B (2003) )
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mt=174 GeV
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ConclusionsConclusions
EXTRA DIMENSION HAVE:EXTRA DIMENSION HAVE:

•• Good theory motivationGood theory motivation

•• Observable experimental implicationsObservable experimental implications

TRUE UNIFICATION:TRUE UNIFICATION:

Can unify all interactions as one gauge interactionCan unify all interactions as one gauge interaction

Unify gauge bosons, Higgs, quarks, leptons in one multiplet Unify gauge bosons, Higgs, quarks, leptons in one multiplet 

Understand the origin of Yukawa interaction         origin of mUnderstand the origin of Yukawa interaction         origin of massass

Testable prediction at LHC,Testable prediction at LHC,

Can it also lead to three families with predictive flavor symmetCan it also lead to three families with predictive flavor symmetry?ry?

tan( ) 50β =
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