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Stability of Higgs Mass Stability of Higgs Mass 

With SUSY, Quadratic Divergence Cancels



With SUSY, gauge boson contribution is 
cancelled by gaugino contribution.y g g



SUSY SpectrumSUSY Spectrum

SM ParticlesSM Particles SUSY PartnersSUSY Partners

S i 1/2 Spin = 0Spin = 1/2 Spin = 0
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Evolution of Gauge Couplings In Standard ModelEvolution of Gauge Couplings In Standard ModelEvolution of Gauge Couplings In Standard ModelEvolution of Gauge Couplings In Standard Model



Evolution of Gauge Couplings in sixEvolution of Gauge Couplings in six--HiggsHiggs--doublet SMdoublet SM

S. Willenbrock, hep-ph/0302168S. Willenbrock, hep ph/0302168



Gauge Coupling Unification in MSSMGauge Coupling Unification in MSSM



Structure of Matter MultipletsStructure of Matter Multipletspp





MSSM LagrangianMSSM Lagrangian

RR parity Violation: Potentially Dangerous Proton Decayparity Violation: Potentially Dangerous Proton DecayRR--parity Violation: Potentially Dangerous Proton Decayparity Violation: Potentially Dangerous Proton Decay

Soft SUSY Breaking:Soft SUSY Breaking:

Generic soft breaking leads to large flavor violationGeneric soft breaking leads to large flavor violationGeneric soft breaking leads to large flavor violationGeneric soft breaking leads to large flavor violation



Natural RNatural R--parity and parity and μμ--termterm
Discrete gauge symmetries can protect Discrete gauge symmetries can protect μμ--term and act as Rterm and act as R--parity.parity.

Q d L H H θQ uc dc L ec νc Hu Hd θ
1 1 1 1 1 1 0 0 1

Z4 Model K.S. Babu, I. Gogoladze, K. Wang,  Nucl. Phys. B660, 322 (2003) 

Anomalies
L. Krauss, F. Wilczek, (1989)

L. Ibanez. G. Ross, (1991)

T. Banks, M. Dine, (1992)

GreenGreen--Schwarz Anomaly Cancellation Mechanism For Schwarz Anomaly Cancellation Mechanism For ZZN N 

GuidiceGuidice--Masiero MechanismMasiero Mechanism



SUSY Breaking ScenariosSUSY Breaking Scenarios

• Gravity Mediated
► mSUGRAmSUGRA 
► Anomaly Mediation 
► Flavor Symmetry► Flavor Symmetry

• Gauge Mediated

mSUGRA Neutralino LSP Stable

{ AA }
(Dark Matter)(Dark Matter)

GMSB
{ mm0 0 , m, m1/2 1/2 , , μμ , A, A0 0 , B, B0 0 }

{{ ΛΛ MM μμ nn }}

LSP : Gravitino

{ { ΛΛ, M, , M, μμ, n, n }}



F. Paige, hep-ph/0211017





B→B→μμ+ + μμ-- Decay in SupersymmetryDecay in Supersymmetry
K.S. Babu, C. Kolda, Phys. Rev. Lett. 84, 228 (2000)

MSSM is a general two-Higgs-doublet model.g gg



Hall, Rattazzi, Sarid (1993)





SUSY CP Violation in                       Decay     SUSY CP Violation in                       Decay     



Kane, et al, hep-ph/0212092



Lepton Dipole MomentsLepton Dipole Moments



SUSY Contributions:SUSY Contributions:SUSY Contributions:SUSY Contributions:



S. Baek, P. Ko, W. Song, hep-ph/0210373



Electric Dipole MomentsElectric Dipole Moments

Violates CPViolates CP

Electron:

Neutron:

Phases in SUSY breaking sector contribute to EDM.Phases in SUSY breaking sector contribute to EDM.



SUSY Contributions:SUSY Contributions:SUSY Contributions:SUSY Contributions:

A, B are complex in MSSMA, B are complex in MSSM

Effective SUSY Phase



If parity is realized asymptotically,If parity is realized asymptotically,

EDM will arise only through nonEDM will arise only through non--hermiticity induced by RGE.hermiticity induced by RGE.

Subject to experimental testsSubject to experimental tests

Dutta, Mohapatra, KB (2001)



Lepton Flavor Violation and Neutrino MassLepton Flavor Violation and Neutrino Mass

Seesaw mechanism naturally explains small Seesaw mechanism naturally explains small νν−−mass.mass.

Current neutrinoCurrent neutrino--oscillation data suggestsoscillation data suggests

Flavor change in neutrinoFlavor change in neutrino sectorsectorFlavor change in neutrinoFlavor change in neutrino--sectorsector

Flavor change in charged leptonsFlavor change in charged leptons

In standard model with Seesaw, leptonic flavor changing is very tiny.In standard model with Seesaw, leptonic flavor changing is very tiny.



In Supersymmetric Standard modelIn Supersymmetric Standard modelp yp y

ForFor νR activeactive

i i i i ii i i i iflavor violation in neutrino sector Transmitted to Sleptonsflavor violation in neutrino sector Transmitted to Sleptons
Borzumati, Masiero (1986)

Hall, Kostelecky, Raby (1986)

SUSY Seesaw MechanismSUSY Seesaw Mechanism

Hall, Kostelecky, Raby (1986)

Hisano, et al  (1995)

If If BB--L L is gauged, Mis gauged, MRR must arise through Yukawa couplings.must arise through Yukawa couplings.g g ,g g , RR g p gg p g

Flavor violation may reside entirely in f or entirely in Flavor violation may reside entirely in f or entirely in YYνν



If flavor violation occurs only in Dirac Yukawa If flavor violation occurs only in Dirac Yukawa YYν  ν  (with (with 
mSUGRA)mSUGRA)mSUGRA)mSUGRA)

If flavor violation occurs only inIf flavor violation occurs only in f ((Majorana LFVMajorana LFV))If flavor violation occurs only inIf flavor violation occurs only in f ((Majorana LFVMajorana LFV))

LFV in the two scenarios are comparable.LFV in the two scenarios are comparable.

More detailed study is neededMore detailed study is neededMore detailed study is needed.  More detailed study is needed.  



Neutrino FitNeutrino Fit
For Majorana LFV scenario, take Dutta, Mohapatra, KB 2002





For Dirac LFV scenarioFor Dirac LFV scenario

Same neutrino oscillation parameters as in Majorona LFVSame neutrino oscillation parameters as in Majorona LFV

Th t i diff i di ti fTh t i diff i di ti fThe two scenarios differ in predictions forThe two scenarios differ in predictions for



Dirac LFV

F. Deppisch, et al, hep-ph/0206122
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ConclusionsConclusions

•• Supersymmetry: attractive candidate to stabilize Higgs massSupersymmetry: attractive candidate to stabilize Higgs mass
•• Suggested by gauge coupling unificationSuggested by gauge coupling unification•• Suggested by gauge coupling unificationSuggested by gauge coupling unification
•• Before direct discovery,  SUSY can show up in:Before direct discovery,  SUSY can show up in:

► L t fl i l ti (L t fl i l ti ( ))► Lepton flavor violation (Lepton flavor violation (μμ→→eeγ, τγ, τ→→μγ)μγ)
► BBSS→→μμ+ + μμ-- DecayDecay
► Muon Muon gg--22
► dd , d, d► ddee, d, dnn

► Proton decayProton decay
► D k ttD k tt► Dark matterDark matter


